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$IWHU  \HDUV RXW LQ WKH FRXQWU\ DW 6XWWRQ %RQLQJWRQ WKLV WKHVLV KDV ILQDOO\
UHDFKHG LWV FRQFOXVLRQ $ ORW RI WLPH ZRUN DQG HIIRUW KDYH JRQH WRZDUGV
SURGXFLQJWKLVSLHFHRIZRUNIRU ZKLFKDQXPEHURISHRSOHGHVHUYHFRQVLGHUDEOH
FUHGLW
)RUHPRVW WR PHQWLRQ DUH WKRVH ZKR SURYLGHG WKH ILQDQFLDO EDFNLQJ WR WKLV
YHQWXUH 7KH (365& IRU WKH RULJLQDO IXQGLQJ DQG )LUPHQLFK IRU QRW RQO\ WKHLU
ILQDQFLDO LQSXW EXW DOVR WKH UDQJH RIH[SHUWLVH DQGNQRZOHGJH 2IWKHVH SHRSOH
P\ WKDQNV WR 7RQ\ %ODNH 6KDQH $YLVRQ DQG $ODQ 3DUNHU IRU WKHLU VXSSRUW DV
ZHOO DV .DUO+HLQ] 0H\HU DQG KLV WHDP IRU KHOS ZLWK SURGXFLQJ VRPH RIWKH
OD\HUHGSURGXFWVIHDWXUHG
$ PDMRULW\ RIWKH WKDQNV QHHG WR JR WR 3URI $QG\ 7D\ORU IRU KLV FRQWLQXDO
VXSSRUW QXPHURXV LGHDV DQG JXLGDQFH WKURXJKRXW WKH SURMHFW 'U 5RE /LQIRUWK
IRU KLV LQVSLUDWLRQDO LGHDVDQGKLVKHOS ILQGLQJPHDQLQJIURP DOO WKRVHPDVVHVRI
UDZ GDWD 'U 7UDFH\ +ROORZRRG IRU KHU LQSXW WR SODQQLQJ DQG UXQQLQJ RIWKH
VHQVRU\ VHVVLRQV 7KDQNV DOVR JR WR 9DO 3KLO $YLQDVK 'DYH &RRN DQG PDQ\
RWKHUVIRUWKHLUFRQWLQXHGKHOSZKHQHYHU,QHHGHGLW
7KH HQJLQHHULQJ VLGH RIWKLV SURMHFW UHTXLUHG GHYHORSPHQW RIPL[LQJ V\VWHPV
ZKLFKZDV XQGHUWDNHQE\WKH &KHPLFDO(QJLQHHULQJ'HSDUWPHQWDW%LUPLQJKDP
8QLYHUVLW\ 7KDQNV PXVW JR WR 3URI 3HWHU)U\HU IRU KLV LQSXW DQG WR 9HUQ /HH
ZLWKRXWZKRPPDQ\RIWKHPL[LQJV\VWHPVZRXOGQRWKDYHFRPHWRIUXLWLRQ
0\ IULHQGV KDYHDOVREHHQRIJUHDWVXSSRUWWR PHWKURXJKRXWWKHZKROHSURFHVV
7KRVHQHZIULHQGV DW6% ZKRPDGH OLIHDWZRUNDSOHDVXUH &KULV )LRQD -DPLH
0LNH 6DUDKDQG VXEVHTXHQWO\$QQLH RQFH DOO WKH RWKHUVKDG OHIW 0\IULHQGV LQ
1RWWLQJKDP DOVR GHVHUYH D PHQWLRQ ZLWK PDQ\ RIWKHP DOVR GRLQJ 3K'V WKH\




SURYLGLQJ PXFK QHHGHG OLJKW UHOLHI 1RW IRUJHWWLQJ DOO WKRVH PHPEHUV RI7KH
&ODQJHUVIRUPDQ\HQWHUWDLQLQJDVLGHPRPHQWV
,Q DOO WKHVH W\SHV RI VLWXDWLRQ WKH VXSSRUW RI \RXU IDPLO\ LV RI SDUWLFXODU
LPSRUWDQFH DQGPLQHKDYHEHHQTXLWH IDQWDVWLF WKURXJKRXW LQ SURYLGLQJDKDYHQ
IRU PH ZKHQHYHU , QHHGHG D EUHDN DQG EHLQJ QRWKLQJ EXW HQFRXUDJLQJ
WKURXJKRXW 7KDQNV WKHUHIRUH WR 'DG $QQDEHO 0XP %REE\ $ODQ 1LNNL DQG
/L]]L 7KHLQODZVKDYHDOVRSURYLGHGPXFKQHHGHGPRUDOVXSSRUWDQGVR WKDQNV
DOVRWR-RKQ/HN0DOLVVD(GGDQG*X\IRUNHHSLQJPHJRLQJ
)LQDOO\ DQGE\QRPHDQV OHDVW ,ZRXOGOLNH WR WKDQNP\ZRQGHUIXOZLIH $QLWD
ZLWKRXW ZKRP , ZRXOG QRW KDYH DFKLHYHG DQ\ RIWKLQJV WKDW KDYH EHHQ PDGH
SRVVLEOH 6KH KDV EHHQP\ JXLGLQJKDQG WKURXJKRXW DQGKDV JLYHQPH QRW RQO\





'LVSHUVLRQ RIDURPD FRPSRXQGV LQ IRRG PDWULFHV LV D FRPPRQ SURFHVV LQ WKH
SURGXFWLRQ RIPDQ\ IRRG SURGXFWV +RZHYHU WKH GHJUHHV RIGLVSHUVLRQ RQ WKH
GLVWULEXWLRQDQGVXEVHTXHQWUHOHDVHRIWKHVHFRPSRXQGVGXULQJFRQVXPSWLRQPD\
KDYHFRQVLGHUDEOHFRQVHTXHQFHVIRUSHUFHSWLRQRIWKHVHIODYRXUV
7KLV WKHVLV LQYHVWLJDWHV WKH HIIHFWV RID UDQJH RIGLVSHUVLRQ WHFKQLTXHV RQ WKH
GHOLYHU\ DQG UHOHDVH RIDURPD FRPSRXQGV IURP VHYHUDO VROLG DQG VHPLVROLG
PDWULFHV ZKLFK FRPPRQO\ FRQWDLQ DGGHG IODYRXULQJV 'LVSHUVLRQ ZDV DFKLHYHG
RQWKUHHPDLQ VFDOHV UDQJLQJ IURP PROHFXODU WKURXJKPLFUR UHJLRQV WR SK\VLFDO
VHSDUDWLRQRUOD\HULQJ7KHHIIHFWVRIGLIIHUHQWOHYHOVRIPL[LQJZHUHDVVHVVHGE\
PHDVXULQJDURPDUHOHDVHin vitro DQGin vivo YLD$3FL06
+DYLQJ GHILQHG WKH VWDJHV RIPL[LQJ V\VWHPV ZHUH GHYHORSHG WR PHDVXUH WKH
LQIOXHQFHV RI GLIIHUHQW GLVSHUVLRQ WHFKQLTXHV RQ DURPD GHOLYHU\ /D\HULQJ WR
SK\VLFDOO\VHSDUDWHKRPRJHQRXV DURPDULFK OD\HUV VKRZHGQR VLJQLILFDQWHIIHFWV
RQ DURPD UHOHDVH RU SHUFHSWLRQ IURP JHODWLQH VXFURVH JHOV It VHHPV WKDW
PDVWLFDWLRQ LV YHU\HIIHFWLYH LQ UHPL[LQJ WKHVH V\VWHPV DQG in vivo WKHUH LV QR
GLIIHUHQFH LQ DURPD UHOHDVH $OWKRXJK WKH GHJUHH RIPL[LQJFRXOGEH FRQWUROOHG
XVLQJ D VWDWLF PL[HU V\VWHP IRU \RJKXUWV QR HIIHFWV RIWKH GLIIHUHQW OHYHOV RI
PL[LQJ ZHUH REVHUYHG RQ DURPD UHOHDVH 6WLUUHG \RJKXUWV VKRZHG WKDW PL[LQJ
FRXOG LQIOXHQFHHTXLOLEULXPKHDGVSDFH FRQFHQWUDWLRQVEXWRYHUDOOUHOHDVH in vivo 
ZDV LQFRQFOXVLYH 6DPSOH VHOHFWLRQ LQ WKHVH V\VWHPV PD\ EH LPSRUWDQW IRU
LQIOXHQFLQJ SHUFHSWLRQ 9LVXDO DQG WH[WXUDO FXHV PD\ EH PRUH LPSRUWDQW IRU
SHUFHSWLRQLQWKHVHPL[LQJH[DPSOHVWKDQDURPDUHOHDVH
8VLQJ FRVROYHQWV DV GLVSHUVLRQ DJHQWV VLJQLILFDQWO\ LQFUHDVHG WKH HDVH RI
GLVSHUVLRQRIDUDQJHRIDURPDFRPSRXQGV 6WDWLFKHDGVSDFHDQDO\VLV FRQILUPHG
WKDW DOO WKH FDUULHUVROYHQWV LQIOXHQFHG WKH SDUWLWLRQRIDURPDFRPSRXQGV DQG in 
vivo UHOHDVHIURP PRGHO FRQIHFWLRQHU\V\VWHPV ,QFUHDVLQJVROYHQWFRQFHQWUDWLRQ
O;
$EVWUDFW
LQFUHDVHG WKH VROXELOLW\ RID UDQJH RIDURPD FRPSRXQGV LQ WKH OLTXLG SKDVH
5HOHDVH IURP JHOV ZDV DOVR LQIOXHQFHG E\ WKH SUHVHQFH RI VROYHQWV ZLWK




ZDV LQYHVWLJDWHGLQ DTXHRXV VROXWLRQV DQG JHODWLQHVXFURVHJHOV ,Q WKLV FDVH WKH
UHOHDVHPHFKDQLVPZDVQRWWKHFRQYHQWLRQDODLUOLTXLGSDUWLWLRQEXWZDVEDVHGRQ





1.1 Flavourings and Aroma Delivery 
1.1.1 What is Flavour? 




)ODYRXU LV D WHUP XVHG WR GHVFULEH WKH RYHUDOO SHUFHSWLRQ RID IRRG WKDW WKH
FRQVXPHUH[SHULHQFHV GXULQJHDWLQJ It LV DPXOWLPRGDO VWLPXOXVZKLFK LQYROYHV
FRQWULEXWRU\ IDFWRUV IURP DURPD WDVWH PRXWKIHHO WH[WXUH DQG RWKHU WDFWLOH
UHVSRQVHV %ULWLVK6WDQGDUGV,QVWLWXWH  $URPDSHUFHSWLRQ LV GHSHQGHQW RQ
GHWHFWLRQRIYRODWLOHFRPSRXQGVDWWKHQDVDOUHFHSWRUVLQWKHROIDFWRU\HSLWKHOLXP
DQGVXEVHTXHQWROIDFWRU\VLJQDOV VHQWWR WKHEUDLQ)LVKHUDQG6FRWW 7D\ORU
 )ODYRXUSHUFHSWLRQLV QRWRQO\GHSHQGHQWRQ DURPDEXW DV WKH GHILQLWLRQ
VXJJHVWV LPSOLHV D FRPELQDWLRQ RIWKH HQWLUH LQSXW RIWKH VHQVHV WR SURGXFH DQ
LQWHJUDWHG UHVSRQVH WR WKH IRRG 7DVWH SHUFHSWLRQ LV EDVHGRQ GHWHFWLRQ RIQRQ
YRODWLOH FRPSRXQGVE\WKH WRQJXH )RXUPDLQFDWHJRULHVKDYHEHHQGHVFULEHGLQ
WKH OLWHUDWXUH VDOWELWWHU VRXUDQGVZHHW $ILIWK XPDPLDVDYRXU\WDVWHFDXVHG
E\ PRQRVRGLXP JOXWDPDWH 06* DQG PRQRSKRVSKDWH QXFOHRWLGHV KDV DOVR
EHHQ GHVFULEHG *ROGVWHLQ  7H[WXUH PRXWKIHHO DQG WULJHPLQDO
FRPSRQHQWV RISHUFHSWLRQ DUH GHWHFWHGE\QHUYHV LQ WKH RUDO FDYLW\ ZKLFK VHQG
VLJQDOV WR WKH EUDLQUHODWHGWR WKH VWUXFWXUH WHPSHUDWXUHDQGLUULWDWLRQFDXVHGE\
IRRGLQWKHPRXWK*UHHQ
,QWHUDFWLRQ RIWKH VHQVHV LV QRZ UHFRJQLVHG DV D NH\ DVSHFW IRU RYHUDOO IODYRXU






 RIFDSVDLFLQ DQGSLSHULQH /DZOHVV DQG 6WHYHQV  7XRULODet al. 
 VKRZHG WKDW VXFURVH HQKDQFHG SHUFHLYHG IDWWLQHVV DQG IDW HQKDQFHG
VZHHWQHVV LQ D \RJKXUW V\VWHP DQG 1DKRQ et al.  VKRZHG FRPSOH[
LQWHUDFWLRQVEHWZHHQWKHLQWHUDFWLRQRIVZHHWQHVVDQGDURPDLQVRIWGULQNV
1HLWKHU WKH WDVWH QRU WKH WH[WXUDO DVSHFWV RIIRRGV KDYH EHHQFRQVLGHUHG LQ WKLV
VWXG\DQG WKXV ZLOOQRWEH GLVFXVVHGLQ DQ\ IXUWKHU GHSWK )RUPRUH LQIRUPDWLRQ
RQ WKHVH DVSHFWV RISHUFHSWLRQ WKH UHDGHU LV GLUHFWHG WR /DLQJ DQG -LQNV 
6XEVHTXHQWO\ DQ\ GLVFXVVLRQ RIIODYRXU ZLOO EH UHIHUULQJ VROHO\ WR WKH DURPD
SRUWLRQRIWKHSHUFHLYHGUHVSRQVH
1.1.2 Aroma Release Mechanism 
7KH DFWXDOSURFHVVE\ZKLFK WKH DURPDFRPSRXQGVDUH UHOHDVHG VR WKDWWKH\DUH
DYDLODEOH IRU SHUFHSWLRQ LV D FRPSOLFDWHGSURFHVV DQG GHSHQGV RQ D QXPEHU RI
IDFWRUV 7KHVH LQFOXGH WKH SURSHUWLHV RI DURPD FRPSRXQGV DQG IRRG PDWUL[
FRPSRQHQWV $URPD FRPSRXQGV DUH JHQHUDOO\ ORZ PROHFXODU ZHLJKW 
RUJDQLFFRPSRXQGVWKDWSRVVHVVDUDQJHRISK\VLFRFKHPLFDOSURSHUWLHV0DQ\RI
WKHSURSHUWLHVZLOOGLIIHUZLWKWKHPRVWLPSRUWDQWIRU IRRGVEHLQJK\GURSKRELFLW\
PHDVXUHG DV /RJ 3 VROXELOLW\ YDSRXU SUHVVXUH YRODWLOLW\ PROHFXODUZHLJKW
DQG VL]H 7D\ORU  $OO RIWKHVH ZLOO FRQWULEXWH WR WKH GLVSHUVLRQ RIDURPD
PROHFXOHV WKURXJKRXW D IRRG DQG VXEVHTXHQWO\ RQ KRZ WKHLU UHOHDVH IURP WKDW
IRRG It KDV DOVR EHHQ QRWHG WKDW VRPH DURPD PROHFXOHV PD\ DOVR KDYH WDVWH
IXQFWLRQVZLWKH[DPSOHVRIWKHVHEHLQJYDQLOOLQDQGPHQWKRO
7KH UHOHDVH PHFKDQLVPV IRU YRODWLOH DURPD FRPSRXQGV IURP IRRGV LQ WKH
PRXWK DUH ZHOO HVWDEOLVKHG 7D\ORU  'XULQJ PDVWLFDWLRQ RIVROLG IRRGV
PDQ\ FKDQJHV WDNH SODFH 7KHVH LQFOXGH K\GUDWLRQ DQG GLOXWLRQ ZLWK VDOLYD
LQFUHDVHV LQ VXUIDFH DUHD DQG GLVVROXWLRQ RIQRQYRODWLOH FRPSRQHQWV 7D\ORU
 $URPD FRPSRXQGV SUHVHQW LQ IRRG DUH UHOHDVHG LQWR WKH VDOLYD SKDVH
)URPWKHUH WKH\ DUH DEOH WR SDUWLWLRQLQWR WKH JDVSKDVH )ULHO DQG7D\ORU

&KDSWHU ,QWURGXFWLRQ
6XEVHTXHQWO\ WKH\ DUH GLOXWHG DQG GHOLYHUHG WR WKH ROIDFWRU\ SDWKZD\V E\ WKH
H[KDODWLRQDLUVWUHDP%XHWWQHUDQG6FKLHEHUOHE
7KH PHFKDQLVP RIDURPD UHOHDVH LV GHSHQGHQW RQ D UDQJH RIIDFWRUV LQFOXGLQJ
WKHW\SHRIPDWUL['UXDX[DQG9RLOOH\ WKHQDWXUHRIWKHDURPDFRPSRXQG
/LQIRUWKet al. F WKH LQWHUDFWLRQVEHWZHHQWKHDURPDFRPSRXQGDQGPDWUL[
FRPSRQHQWV 6ROPV PDVV WUDQVIHU+DUULVRQDQG+LOOV D0DULQet al. 
 EUHDWKLQJ DQG VDOLYD IORZ UDWHV 3LJJRWW DQG 6FKDVFKNH  DQG RWKHU
DVSHFWV RISK\VLRORJ\ %XHWWQHU DQG 6FKLHEHUOH E 7KHVH IDFWRUV DUH DOO
LPSRUWDQW LQ LQIOXHQFLQJ WKH DPRXQW RI DURPD WKDW UHDFKHV WKH ROIDFWRU\
UHFHSWRUV








LQ WKHLU DELOLWLHV WR SHUFHLYH IODYRXUV *XG]LRO  7KH LQLWLDO VWDJH RIDURPD
SHUFHSWLRQ EHJLQV ZKHQ WKH FRQVXPHU LV DEOH WR VPHOO WKH IRRG $URPD
FRPSRXQGV LQ WKHJDVSKDVHDUH WUDQVSRUWHGLQWRWKHQDVDOFDYLW\ZKHUHWKH\DUH
GHWHFWHG E\ WKH UHFHSWRUV 7KLV LV NQRZQ DV WKH RUWKRQDVDO URXWH IRU DURPD
GHOLYHU\ %\ FRQWUDVW ZKHQ D IRRG LV HDWHQ WKH IRRG LV EURNHQ GRZQ DQG WKH
FRPSRQHQWV DUH UHOHDVHG LQWR WKH RUDO FDYLW\ DV GHVFULEHG LQ 6HFWLRQ  7KH
DURPDFRPSRXQGV RQFH LQ WKH JDV SKDVHZLOOEH WUDQVSRUWHGWR WKHEDFNRIWKH
WKURDWE\PDVWLFDWLRQZKHUHWKH\DUH VXEVHTXHQWO\FDUULHGLQWKH DLUVWUHDP IURP
WKH PRXWK DQG WKURDW LQWR WKH QDVDO FDYLW\E\ WKH SURFHVV RIH[KDODWLRQ GXULQJ
EUHDWKLQJ7KLVLVNQRZQDV WKHUHWURQDVDOURXWHRIWUDQVSRUWDQGLV WKHSURFHVVE\




'HWHFWLRQ E\ ROIDFWRU\ UHFHSWRUV RFFXUV DW WKH QDVDO HSLWKHOLXP 7KHUH DUH RYHU
 GLIIHUHQW UHFHSWRU SURWHLQV ZLWK WUDQVPHPEUDQH GRPDLQV SUHVHQW LQ WKH
HSLWKHOLXP WKDW DUH FDSDEOH RI GHWHFWLQJ WKH ZLGH UDQJH RI GLIIHUHQW DURPD
FRPSRXQGV %XFN DQG $[HO  7KHVH UHFHSWRUV KDYH UHODWLYHO\ KLJK
VSHFLILFLWLHVEXWGXHWR WKH VLPLODUQDWXUHRIPDQ\RIWKHDURPDFRPSRXQGVLW LV
VXJJHVWHG WKDW FRPSHWLWLRQ IRU ELQGLQJ VLWHV PD\ RFFXU 2QFH DQ DURPD
FRPSRXQGKDVERXQGWR DUHFHSWRU VHFRQGDU\PHVVHQJHUSDWKZD\VDUH DFWLYDWHG
OHDGLQJ WR GHSRODUL]DWLRQRIWKH UHFHSWRUFHOODQGJHQHUDWLRQRIDQHUYRXV VLJQDO
DFWLRQ SRWHQWLDO %UHHU  7KHVH VLJQDOV PRYH YLD WKH ROIDFWRU\ EXOE WR
KLJKHUEUDLQFHQWUHVZKHUHSHUFHSWLRQRFFXUV
7KH UHOHDVH RIDURPD FRPSRXQGV IURP IRRGV KDV EHHQ VKRZ WR EH D G\QDPLF
SURFHVV GHSHQGHQW RQ D UDQJH RI DFWLYLWLHV GHVFULEHG LQ 6HFWLRQ 
6XEVHTXHQWO\ GHOLYHU\ RIDURPD FRPSRXQGV ZLOO RFFXU RYHU D UDQJH RIWLPH
SHULRGV GHSHQGLQJ RQ WKH QDWXUH RIWKH IRRG PDWUL[ DQG DURPDFRPSRXQG 7KLV
UHVXOWV LQSHUFHSWLRQRIDURPDFRPSRXQGVEHLQJ VLJQLILFDQWO\ LQIOXHQFHGE\ WKH






RIDUDQJHRILQGLYLGXDOFRPSRXQGV 7KHEDODQFHRIWKHVHFRPSRQHQWV LV YLWDOWR
DFKLHYLQJ WKH GHVLUHG SHUFHLYHG UHVSRQVH GXULQJ HDWLQJ 7KLV UHVSRQVH ZLOO EH
EDVHGRQ WKH FRQFHQWUDWLRQVRIDURPDGHOLYHUHGWR WKH ROIDFWRU\UHFHSWRUV UDWKHU
WKDQWKH LQLWLDOOHYHOVSUHVHQWLQWKHIRRG &KDQJHVLQFRPSRQHQWVRIWKHIRRGFDQ
OHDGWRDOWHUDWLRQVLQWKHOHYHOVRIDURPDFRPSRXQGVWKDWUHDFKWKHQDVDOHSLWKHOLD
DQG WKXV PD\ GLVUXSW WKH IODYRXU SHUFHSWLRQ )RU H[DPSOH UHPRYDO RIIDW D
UHVHUYRLU IRU PDQ\ DURPD FRPSRXQGV FDQ GLVUXSW WKH SDWWHUQ RI DURPD
FRPSRXQGUHOHDVHDQG VXEVHTXHQWGHOLYHU\WR WKHQDVDOUHFHSWRUVPD\EHDOWHUHG
%UDXVV et al.  7KHUHIRUH PHFKDQLVPV DQG WKHRULHV RIDURPD UHOHDVH DUH

&KDSWHU ,QWURGXFWLRQ
IXQGDPHQWDO WR WKHXQGHUVWDQGLQJRIWKHEHKDYLRXURI DURPDFRPSRXQGVDQGWKH
LQIOXHQFHWKH\ZLOO LPSDUWRQSHUFHSWLRQ
7KH IODYRXU LQGXVWU\ LV DQ HYHUH[SDQGLQJ LQGXVWU\ZLWKPDQ\ QHZ DSSOLFDWLRQV
EHLQJ GHYHORSHG HYHU\ \HDU 7KH /HDWKHUKHDG )RRG 5HVHDUFK $VVRFLDWLRQ
HVWLPDWHGWKDWWKHJOREDOPDUNHWIRU IODYRXUV LQ  ZDV PPDQG
ZDV VWLOO LQFUHDVLQJ 7KHDELOLW\ WR SURGXFHEDODQFHGIODYRXUV LV HVVHQWLDO 7KHUH
LV DQ HYHU LQFUHDVLQJ GHPDQG IRU QRW RQO\ IODYRXUV WKDWPLPLF QDWXUDOSURGXFWV
EXWDOVRGHYHORSPHQWRIQRYHODQGLQWHUHVWLQJIODYRXUV 9DULDWLRQLQSURSHUWLHVRI
IRRG PDWULFHVPHDQ WKDW GLIIHUHQW IODYRXUV QHHGWR EH GHYHORSHG IRU HDFKRIWKH
V\VWHPV WR SURYLGH WKH GHVLUHG UHVSRQVH $Q H[DPSOH ZRXOGEH WKH DGGLWLRQ RI
IODYRXU WR D ORZ IDW \RJKXUW FRPSDUHG WR D KLJK IDW RQH 6WXGLHV LQWR WKHVH
GLIIHUHQFHV KDYH VKRZQ WKDW WKH SURILOHV RI UHOHDVH ZLOO GLIIHU VLJQLILFDQWO\
%UDXVV et al.  DQG WKH FRQVXPHUDFFHSWDQFH LV DOVR DOWHUHG 7XRULODet al. 

)ODYRXUVDUHRISDUDPRXQWLPSRUWDQFH LQWKHIRRG LQGXVWU\DQGWKHUHIRUH LW LVQR
VXUSULVHWKDWFRQVLGHUDEOHLQYHVWPHQWLVPDGHHDFK\HDUE\IODYRXUFRPSDQLHV$
6ZLVV IODYRXU FRPSDQ\ *LYDXGDQ LQ  LQYHVWHG6)UPP RQSURGXFW
UHVHDUFK DQG GHYHORSPHQW 5HVHDUFK LQ GHYHORSLQJ IODYRXUV LV RQO\ RQHVLGH RI
WKHVWRU\.QRZOHGJHRQKRZWKHFRPSRQHQWVRIIODYRXUVZLOOEHKDYHLQGLIIHUHQW
IRRG V\VWHPV FDQ FRQVLGHUDEO\ HQKDQFH WKH GHYHORSPHQW RIQHZ SURGXFWV DQG
VLJQLILFDQWO\LPSURYHWKHHIILFLHQF\RIFUHDWLQJH[LVWLQJSURGXFWV
1.2 Aroma Compound Release Theory 
$URPD FRPSRXQGV DUH SUHVHQW LQ DOO IRRGVWXIIV KRZHYHU WKH PDLQ IHDWXUHV RI
LQWHUHVW DUH WKH PHFKDQLVPV RIUHOHDVH IURP WKHLU UHVSHFWLYH PDWULFHV 6WDWLF
HTXLOLEULXP UHOHDVH RIDURPD FRPSRXQGV IRUPV WKH EDVLV RIWKH EXON RIWKH
KLVWRULFDO UHVHDUFK 7KHVH VWXGLHV LQYROYHG PHDVXQQJ WKH KHDGVSDFH




:LHQWMHV  %XWWHU\ et al.  1DZDU  :KLOVW LPSRUWDQW WKLV
WHFKQLTXHGRHVQRWJLYHDSURILOHRIWKHUHOHDVHRIDURPDFRPSRXQGV LQG\QDPLF
VLWXDWLRQV 6XEVHTXHQWO\ GHYHORSPHQWV RI V\VWHPV WR PHDVXUH WKH HIIHFWV RI
UHOHDVH LQ G\QDPLF V\VWHPV KDYH EHHQ GHYHORSHG 7KHVH DOORZHG WKH HIIHFWV RI
FKDQJHV LQ UHOHDVH RYHU WLPH WR EH PHDVXUHG 0RVW UHFHQWO\ GXH WR WKH
GHYHORSPHQW RI 
LQ QRVH
 PRQLWRULQJ WHFKQLTXHV 7D\ORU DQG /LQIRUWK 
 in vivo UHOHDVHKDVEHHQLQYHVWLJDWHGDQGLV DEOHWRJLYHDEHWWHULQGLFDWLRQ
RIFKDQJHV LQ DURPD UHOHDVH IURP KXPDQ VXEMHFWV 7KHVH WHFKQLTXHV SURYLGH
LQIRUPDWLRQ RQ WKH HIIHFWV RISK\VLRORJ\ RQ UHOHDVH &RUUHODWLRQV ZLWK VHQVRU\
GDWDFDQDOVREHXVHGWR H[SODLQWKHHIIHFWVRIFKDQJHVLQUHOHDVHRQSHUFHSWLRQ
1.2.1 Release in Static Systems 
6WDWLF V\VWHPV KDYH EHHQ ZLGHO\ VWXGLHG WR DVVHVV WKH EHKDYLRXU RI DURPD
FRPSRXQGV DW HTXLOLEULXP 6WDWLF FRQGLWLRQV LPSO\ WKDW WKHUH DUH QR RXWVLGH
LQIOXHQFHV RQ WKH VDPSOH DQG WKH VDPSOHZLOO HYHQWXDOO\ UHDFK HTXLOLEULXPZLWK
LWV VXUURXQGLQJV 8QGHU WKHVH FRQGLWLRQV DURPD UHOHDVH IURP WKH VDPSOH LV
GHSHQGHQW RQ WKH SDUWLWLRQ FRHIILFLHQW . 7KLV GHVFULEHV WKH UDWLR RIDURPD
FRPSRXQG SDUWLWLRQ EHWZHHQ RQH SKDVH DQG DQRWKHU 7KH PRVW FRPPRQO\
GHVFULEHGYHUVLRQRI. LV WKH.J1 ZKLFKDSSOLHV WR WKHSDUWLWLRQEHWZHHQDOLTXLG










al.  KRZHYHU WKHUH LV QR GHILQLWLYH GDWD VHW RI.DZ YDOXHV IRU DOO DURPD
FRPSRXQGV
&RUUHODWHG WR WKH SDUWLWLRQ FRHIILFLHQW LV WKH DFWLYLW\ FRHIILFLHQW (TXDWLRQ 
7KLV GHVFULEHV WKH DFWLYLW\RIWKH PROHFXOHV LQ VROXWLRQDQG LV GHSHQGHQW RQ WKH
YDSRXUSUHVVXUHRIDFRPSRXQGZLWKLQDSDUWLFXODUV\VWHP 7KHVDWXUDWHGYDSRXU
SUHVVXUH UHIHUV WR WKH HTXLOLEULXP SUHVVXUH H[HUWHG E\ D VXEVWDQFH LQ D FORVHG





ZKHUH Pi* LV WKH VDWXUDWHG YDSRXU SUHVVXUH RI D VXEVWDQFH i, DW D JLYHQ
WHPSHUDWXUH 3W LV WKH WRWDO SUHVVXUH LQ WKH V\VWHP DQG <RR LV WKH LQILQLWH GLOXWLRQ
DFWLYLW\FRHIILFLHQW
$URPDFRPSRXQGV ZKHQSUHVHQW LQ DTXHRXV V\VWHPV DUH JHQHUDOO\ LQ DVWDWHRI
QHDULGHDOLQILQLWHGLOXWLRQ ,QWKLVV\VWHP+HQU\
V/DZDSSOLHVZKHUHWKHSDUWLDO
SUHVVXUHRIDVROXWHDERYH WKH VROXWLRQLVSURSRUWLRQDOWR LWV PRODUFRQFHQWUDWLRQ
LQ WKHOLTXLG%XWWHU\et al. 
Equation 1.3 
6WDWLFUHOHDVHSURYLGHVLPSRUWDQWGDWDRQWKHHIIHFWVRIGLIIHUHQWSK\VLFRFKHPLFDO
SURSHUWLHV RQ SDUWLWLRQ &KDQJHV LQ SDUWLWLRQ FRHIILFLHQW FDQ H[SODLQ WKH
IXQGDPHQWDO FKHPLFDOHIIHFWV RIPDWUL[FRPSRQHQWV RQ WKH SRWHQWLDO IRU UHOHDVH




RQ SDUWLWLRQ %XWWHU\  VKRZHG WKDW WKH YRODWLOH FRQFHQWUDWLRQ LQ WKH
KHDGVSDFH IRU D UDQJH RI DONDQDOV DQG DONDQRQHV LQ D KRPRORJRXV VHULHV
LQFUHDVHG DV WKH FDUERQ FKDLQ OHQJWK LQFUHDVHG .DZ LV GHSHQGHQWRQ WKH V\VWHP
XVHGWRPHDVXUH WKHYDOXHV&DOFXODWHGYDOXHVXVLQJPRGHOOLQJWHFKQLTXHVEDVHG
RQ SK\VLFRFKHPLFDO SURSHUWLHV RI WKH DURPD FRPSRXQGV KDYH VKRZQ JRRG
FRUUHODWLRQV WR WKH PHDVXUHG YDOXHV 0DULQ et al.  'HWHUPLQDWLRQ RI
FRPSRXQG UHOHDVH IURP D IRRG V\VWHP ZLOO WKHUHIRUH GHSHQG RQ LWV
SK\VLFRFKHPLFDOFKDUDFWHULVWLFV
:KLOVWLPSRUWDQWIRUVWXG\LQJDURPDEHKDYLRXUVWDWLFUHOHDVHJLYHVQR LQGLFDWLRQ
RIWKH FRPSOH[LWLHV RIUHOHDVH GXULQJ HDWLQJ RID IRRG (DWLQJ LV D G\QDPLF
SURFHVV LQYROYLQJPXOWLSOHFKDQJHVLQVDPSOHHQYLURQPHQWDQGDV VXFKZLOOEHD
QRQHTXLOLEULXP SURFHVV 6WDWLF HTXLOLEULXP VLWXDWLRQV DUH PRUH OLNHO\ WR RFFXU
IRU RUWKRQDVDO SHUFHSWLRQ IRU H[DPSOH VQLIILQJ RID EHYHUDJH 7KH SURILOH RI
UHOHDVH LV DNH\DVSHFW DQGZLOOFRQWULEXWHVLJQLILFDQWO\WR WKHRYHUDOOSHUFHSWLRQ
RIDIRRG It LV WKLVWHPSRUDODVSHFWWKDWLV VRRIWHQRYHUORRNHGDQGLV LPSRVVLEOH
RU DW OHDVW YHU\ GLIILFXOW WLPHFRQVXPLQJ DQG LQDFFXUDWH WR PRQLWRU ZLWK
WUDGLWLRQDO KHDGVSDFHPHDVXUHPHQWWHFKQLTXHV 7KHUHIRUH VWXGLHVXVLQJG\QDPLF
V\VWHPVQHHGWREHFRQVLGHUHG
1.2.2 Dynamic Dilution Release 
6WXG\LQJ DURPD UHOHDVH IURP G\QDPLF VLWXDWLRQV SURYLGHV DEHWWHULQGLFDWLRQ RI
WKH HYHQWVKDSSHQLQJ LQ LQPRXWKFRQGLWLRQV ,QG\QDPLF VLWXDWLRQV HTXLOLEULXP
LV GLVUXSWHGE\FKDQJHVLQHLWKHUWKHJDVRUOLTXLGSKDVHVXFKWKDWWKHSRVLWLRQRI
HTXLOLEULXP LV DOWHUHG 7KH GULYLQJ IRUFH IRU WKH FKDQJH LQ UHOHDVH ZLOO EH
GHWHUPLQHG E\ WKH PDVV WUDQVIHU RIWKH DURPD FRPSRXQGV DFURVV WKH DLUZDWHU
LQWHUIDFH 3LFN
V /DZ 3LFN
V ODZ VWDWHV WKDW WKH QHW GLIIXVLRQ UDWH RID JDV
DFURVV D IOXLG PHPEUDQH LV SURSRUWLRQDO WR WKH GLIIHUHQFH LQ SDUWLDO SUHVVXUH

&KDSWHU ,QWURGXFWLRQ
SURSRUWLRQDO WR WKH DUHD RI WKH PHPEUDQH DQG LQYHUVHO\ SURSRUWLRQDO WR WKH
WKLFNQHVVRIWKHPHPEUDQH
$OO V\VWHPV GXH WR HQWURSLF FRQVLGHUDWLRQV ZLOO DWWHPSW WR UHDFK HTXLOLEULXP
EHWZHHQ SKDVHV '\QDPLF UHOHDVH ZLOO WKHUHIRUH EH GHILQHG E\ NLQHWLF IDFWRUV
ZKLFKZLOO LQ WXUQSURGXFHDGULYH WRZDUGV DUHHTXLOLEUDWLRQRIWKH V\VWHPYDQ
5XWK et al. D 7KHRULHV RIPDVV WUDQVIHU VXJJHVW WKDW GHSOHWLRQ RIDURPD
IURP WKH JDV SKDVHZLOO FDXVH DVXEVHTXHQWPRYHPHQWRIDURPDIURP WKH OLTXLG
KRZHYHU WKLV OHYHO RISDUWLWLRQ ZLOO EH GHSHQGHQW RQ WKH YRODWLOH QDWXUH RIWKH
DURPD FRPSRXQG 0DULQ et al.  7KLV W\SH RIGDWD FDQ EH DQDO\VHG E\
WUDGLWLRQDO KHDGVSDFH WHFKQLTXHV PHDVXUHG DW D UDQJH RIWLPH SRLQWV YDQ 5XWK
DQG 5RR]HQ  RU PRUH UDSLGO\ YLD FRQWLQXRXV RQOLQH PRQLWRULQJ XVLQJ




RIH[WHUQDO SDUDPHWHUV 7KH FRPPRQO\ XVHG PRGHO PRXWK V\VWHPV JHQHUDOO\
PHDVXUHG\QDPLFUHOHDVH 'HLEOHUet al. YDQ5XWKet al. D+RZHYHU
WKH LQWHUDFWLRQV WKDW RFFXU EHWZHHQ KXPDQ SK\VLRORJLFDO FKDUDFWHULVWLFV DQG
DURPDUHOHDVHFDQQRWEHDFFRXQWHGIRUDQGKHQFHWUXHFRUUHODWLRQZLWKSHUFHSWLRQ
FDQQRWEHDFKLHYHG
1.2.3 In vivo Aroma Release 
$QHYHQPRUHFRPSOH[VLWXDWLRQLVREVHUYHGIRUDURPDUHOHDVHLQPRXWK$UDQJH
RIRWKHUSDUDPHWHUVZLOO LQIOXHQFHWKHSDUWLWLRQLQJDQGPDVVWUDQVIHURIYRODWLOHV
%UHDWKLQJSURGXFHV DWLGDO DLU IORZ WKDWGHOLYHUV DURPDIURP WKHPRXWK LQWR WKH
QDVDO UHJLRQV DQG WKHUHE\ GHSOHWHV WKH JDV SKDVH FRQFHQWUDWLRQ OHDGLQJ WR D
G\QDPLF SDWWHUQ RI UHOHDVH 2WKHU IDFWRUV LQFOXGLQJ PDVWLFDWLRQ K\GUDWLRQ
VZDOORZLQJ DQG VDOLYD IORZ UDWHV ZLOO DOVR LQIOXHQFH WKH GHJUHH RI IRRG
EUHDNGRZQ DQG DURPD UHOHDVH %XHWWQHU DQG 6FKLHEHUOH D YDQ 5XWK DQG
5RR]HQ  %XHWWQHU et al. E +RGJVRQ et al. E :ULJKW DQG +LOOV

&KDSWHU ,QWURGXFWLRQ
 :ULJKW et al.  YDQ 5XWK DQG %XKU  0HWKRGV WR VWXG\ DURPD
UHOHDVHin vivo DUHGLVFXVVHGODWHU6HFWLRQ
7KH WLPHGHSHQGHQF\ RIDURPD UHOHDVH LV DQRWKHU IDFWRU WR EH FRQVLGHUHG LQ











WR DURPDUHOHDVH GHSHQGLQJRQ WKHPDWUL[FRQFHUQHG $YDULHW\RIPDWKHPDWLFDO
PRGHOV DUH GLVFXVVHG LQ PRUH GHWDLO LQ WKH IROORZLQJ UHYLHZV GH 5RRV 
/LQIRUWK+DUYH\DQG%DUUD:ULJKWDQG+LOOV
1.3.1 Mass Flux of Aroma Compounds 








:KHUHJ LV WKH PDVV IOX[ k UHODWHV WR WKH PDVV WUDQVIHUFRHIILFLHQW C UHSUHVHQWV






)LJXUH 7KHWUDQVSRUWRIDURPDIURP OLTXLG WR JDV SKDVHJRYHUQHGby WKHPDVV
IOX[ (J) UHGUDZQIURP'DUOLQJeta/. 
,QPRVWVLWXDWLRQVDURPDGLIIXVLRQLQWKHJDVSKDVHLVH[WUHPHO\UDSLG7KHUHIRUH
WKH JUDGLHQWEHWZHHQWKHEXONDQG LQWHUIDFLDO UHJLRQVZLOOEHYHU\VPDOO DQG FDQ
EH LJQRUHG &RQVHTXHQWO\ DURPD FRQFHQWUDWLRQ DW WKH OLTXLG LQWHUIDFH &L) 
GHWHUPLQHV WKH FRQFHQWUDWLRQ LQ WKH EXON JDV SKDVH SURGXFLQJ WKH IROORZLQJ
HTXDWLRQ
(TXDWLRQ
(TXDWLRQ  GHVFULEHV WKH LQWHUIDFLDOPDVV WUDQVIHUDFURVV DJDVOLTXLG LQWHUIDFH
DQG WKLV LV WKH SULPDU\ IDFWRU FRQWUROOLQJ DURPD UHOHDVH 7KLV VXJJHVWV WKDW

&KDSWHU ,QWURGXFWLRQ
YRODWLOLW\ RI WKH DURPD FRPSRXQG DQG LWV UHVLVWDQFH WR PDVV WUDQVIHU ZLOO
GHWHUPLQHWKHFRQFHQWUDWLRQJUDGLHQWDWWKHLQWHUIDFH
0DVV IOX[ LV FRQWUROOHG E\ WKH UDWH RIGLIIXVLRQ ZLWKLQ WKH VDPSOH &RUUHODWLQJ
PDVV IOX[ WR )LFN
V ODZ RIGLIIXVLRQ GHPRQVWUDWHV WKH LPSRUWDQFHRIWKH UDWH RI
GLIIXVLRQ RQ WKH UDWH RIPDVV WUDQVIHU +HQFH GHFUHDVLQJ WKH UDWH RIGLIIXVLRQ
OHDGV WR DQ LQFUHDVHG FRQFHQWUDWLRQ JUDGLHQW EHWZHHQ WKH SKDVHV DQG D KLJKHU
OHYHO RIPRYHPHQW LQWR WKH JDV SKDVH $ VORZHU UDWH RIGLIIXVLRQ UHVXOWV LQ D
VORZHUUDWHRIVXUIDFHUHJHQHUDWLRQDWWKH OLTXLGLQWHUIDFHDQGWKXVJUHDWHUDURPD
GHSOHWLRQ
1.3.2 Stagnant Layer Theory 
7KHVWDJQDQWOD\HUWKHRU\SURSRVHVDVLPSOHPHFKDQLVPIRUWKHUHOHDVHRIDURPD
FRPSRXQGV It LV EDVHGRQ WKH DVVXPSWLRQ WKDW WKH ERXQGDU\ OD\HUVEHWZHHQ WKH
WZR SKDVHV DUH VWDJQDQW DQG WKHUHIRUH PDVV WUDQVIHU RFFXUV YLD PROHFXODU
GLIIXVLRQ +LOOV DQG +DUULVRQ  'LIIXVLRQ FDQ RFFXU YLD WZR SURFHVVHV
HLWKHU PROHFXODU RU HGG\ GLIIXVLRQ 0ROHFXODU GLIIXVLRQ GHVFULEHV WKH VLPSOH
UDQGRP PRYHPHQW RIPROHFXOHV ZLWKLQ D V\VWHP ZKHUHDV HGG\ GLIIXVLRQ LV D
FRQYHFWLYHSURFHVVDVVRFLDWHGZLWKWXUEXOHQWPRYHPHQWRIPROHFXOHV
0RYHPHQW RI DURPD FRPSRXQGV LQWR WKH JDV SKDVH FDXVHV D VXEVHTXHQW
UHGXFWLRQ LQ WKH FRQFHQWUDWLRQ JUDGLHQW ZLWKLQ WKH OLTXLG SKDVH 7KLV SURFHVV
OHDGV WR D OHQJWKHQLQJRIWKH FRQFHQWUDWLRQJUDGLHQW UHTXLULQJ DQ LQFUHDVH LQ WKH
GLVWDQFH DURPD FRPSRXQGVZLOO QHHG WR GLIIXVH LQ RUGHUWR UHDFK WKH JDV SKDVH
+HQFH D UHGXFWLRQ RIDURPD UHOHDVH LV REVHUYHG ,Q WKLV FDVH WKH PDVV WUDQVIHU
FRHIILFLHQW ZLOO GHSHQG RQ WKH OHYHO RIGLIIXVLRQ GLIIXVLRQ FRHIILFLHQW DQG WKH
UHFLSURFDO RIWKH WKLFNQHVV RIWKH VWDJQDQW OD\HUV +LOOV DQG +DUULVRQ 
7KHVH DXWKRUV VKRZHG WKDW WKLV PRGHO DSSOLHV ZHOO WR IRRGV ZKHUH WKH VXUIDFH
OD\HUV DUH ZHOO GHILQHGDQGPL[LQJRIWKH LQWHUIDFLDO OD\HUV LV ORZ )RUH[DPSOH
12 
&KDSWHU ,QWURGXFWLRQ
WKLVPHFKDQLVPLV VXJJHVWHGWR H[SODLQDURPDUHOHDVHIURP DERLOHGVZHHWZKHUH
GLVVROXWLRQRIWKHPDWUL[LV WKHPDLQVWHSIRUDURPDUHOHDVH
1.3.3 Penetration Theory 
$GLIIHUHQWWKHRU\ LVSURSRVHGIRUV\VWHPVZKLFKGRQRWKDYHVWDJQDQWLQWHUIDFHV
7KH3HQHWUDWLRQWKHRU\ DVVXPHV WKDW WKH LQWHUIDFHV DUH FRQWLQXDOO\PRYLQJ ZLWK
FKDQJLQJ LQWHUIDFHV EHWZHHQ WKH FRPSRQHQWSKDVHV VDPSOH VDOLYD DQG JDV ,Q
FRQWUDVWWR WKH VWDJQDQWOD\HUWKHRU\ HGG\GLIIXVLRQSOD\VDVLJQLILFDQWUROH7KLV
ZLOO DOORZ DURPD FRPSRXQGV IURP WKH VDPSOH WR UDSLGO\ DFFHVV WKH LQWHUIDFLDO
UHJLRQZKHUHWKH\ZLOOFRPHLQWRFRQWDFWZLWKWKHJDVSKDVH0ROHFXODUGLIIXVLRQ
WKHQ DFWV WR WUDQVSRUW WKH DURPDFRPSRXQGV IURP WKLV UHJLRQ LQWR WKHJDV SKDVH
'XHWR WKHUDSLGQDWXUHRIHGG\GLIIXVLRQLWLV WKXVDFRQVHTXHQFHWKDWWKHUDWHRI
DURPDUHOHDVH LV OLPLWHGE\ WKH WUDQVIHUDW WKH VDOLYDJDV LQWHUIDFH +DUULVRQ DQG
+LOOV +DUULVRQDQG+LOOV E+DUULVRQet al. +DUULVRQet al. 
GH5RRV/LQIRUWK
'DUOLQJ et al.  PRGHOOHG LVRSHQW\O DFHWDWH UHOHDVH IURP JDODFWRPDPPDQ
DQG VXFURVH VROXWLRQV LQWR WKH KHDGVSDFH 7KHLU PRGHO ZDV EDVHG RQ WKH
SHQHWUDWLRQ WKHRU\ RILQWHUIDFLDO PDVV WUDQVIHU 7KH\ FRQFOXGHG WKDW WKH UDWH RI
LQWHUIDFLDO VXUIDFH UHJHQHUDWLRQ ZDV GHSHQGHQW XSRQ VHYHUDO IDFWRUV LQFOXGLQJ
PDWUL[FRPSRVLWLRQDQGWKH FRQFHQWUDWLRQJUDGLHQWZLWKLQ WKHSKDVHVZKLFKZDV
IRXQGWREHGHSHQGHQWXSRQWKHH[WHQWRIPL[LQJRIWKHV\VWHP
5HOHDVH IURP HPXOVLRQV KDV DOVR EHHQPRGHOOHGXVLQJ WKHSHQHWUDWLRQWKHRU\ RI
PDVV WUDQVIHU DVVXPLQJ WKDW UHVLVWDQFH WR PDVV WUDQVIHU DFURVV WKH HPXOVLRQDLU




1.3.4 Interfacial Mass Transfer 
0DULQ et al.  KDV VKRZQ WKDW UHPRYDO RILQWHUIDFLDO VWDJQDQW OD\HUV YLD
DJLWDWLRQRIWKH VDPSOH OHDGV WR DKRPRJHQRXVGLVWULEXWLRQRIDURPDFRPSRXQGV
LQWKH OLTXLGDQGJDVSKDVHV7KLVOHDGVWRDQ LQVWDQWDQHRXVHTXLOLEUDWLRQEHWZHHQ
WKH JDV DQG OLTXLG SKDVHV 7KH\ GHPRQVWUDWHG WKDW LQ D G\QDPLF V\VWHP
GHSOHWLRQRIWKHJDVSKDVHWKHUHOHDVHRIWKHDURPDFRPSRXQGVZDVGHWHUPLQHG
E\WKHLUSDUWLWLRQFRHIILFLHQWLIWKH.DZ ZDV ORZHUWKDQ  )RUFRPSRXQGVZLWK
KLJKHU .DZ YDOXHV PDVV WUDQVSRUW LQ WKH JDV SKDVH EHFDPH VLJQLILFDQW DQG WKH
5H\QROGVQXPEHUDOVRSOD\HGDUROH
7KLV UHLQIRUFHV WKH LPSRUWDQFHRIWKH DURPDFRPSRXQGYDSRXUSUHVVXUHV RQ WKH
UDWHV RIDURPD UHOHDVH IURP KRPRJHQRXV V\VWHPV It DOVR GHPRQVWUDWHV ZK\
VDOLYD UDWHV DQG EUHDWKLQJ UDWHV DQG YROXPHV FDQ KDYH VLJQLILFDQW HIIHFWV RQ
DURPD UHOHDVH DQG IODYRXU SHUFHSWLRQ 7KHVH HIIHFWV ZLOO EH HVSHFLDOO\ DSSDUHQW
IRUFRPSRXQGVZLWKKLJKHUYRODWLOLWLHV
1.3.5 Overview 
0DVV WUDQVSRUW RIDURPD FRPSRXQG LQ OLTXLG SKDVH LV WKHUHIRUH DQ LPSRUWDQW
SDUDPHWHUIRUFRQWUROOLQJDURPDUHOHDVH'LIIXVLRQUDWHVSOD\DQLPSRUWDQWUROHLQ
PDQ\ RIWKH WKHRULHV DQG UHGXFWLRQ RIGLIIXVLRQ UDWHV FDQ VLJQLILFDQWO\ DOWHU WKH
UDWHRIUHOHDVH)RULQVWDQFHPROHFXOHVWKDWUHVWULFWDURPDPRYHPHQWZLOOUHGXFH
WKHUDWHRIUHOHDVH ,QKRPRJHQRXV V\VWHPVXQGHUWKH LQIOXHQFHRIUDSLGPL[LQJ
WKHHIIHFWRIGLIIXVLRQZLOOQRWEHDVNH\GXHWR WKHVWHHSFRQFHQWUDWLRQJUDGLHQWV
PDLQWDLQHG EHWZHHQ WKH JDV DQG OLTXLG SKDVHV 0DULQ et al.  ,Q
KHWHURJHQRXVPDWULFHVZKHUHWKHW\SHRIGLIIXVLRQZLOOKDYHPRUHRIDQLQIOXHQFH





([DPSOHV RI V\VWHPV ZKHUH PRGHOV KDYH EHHQ YDOLGDWHG LQFOXGH ZRUN E\
+DUULVRQ DQG +LOOV  ZKR GHPRQVWUDWHG WKH UHOHYDQFH RIWKHLU PRGHO IRU
DURPD UHOHDVH IURP JHOV E\ VWXG\LQJ WKH in vitro UHOHDVH RI IRRG G\H 7KH\
VKRZHGWKDWWKHGULYLQJIRUFH IRUG\HUHOHDVHZDVGHSHQGHQWRQWKHPHOWLQJSRLQW
RIWKH JHOV $QGULRW et al.  XVHG D PXOWLIDFHWHG DSSURDFK WR VKRZ JRRG
FRUUHODWLRQ EHWZHHQ LQ YLWUR KHDGVSDFH FRQFHQWUDWLRQV DQG VHQVRU\ DVVHVVPHQWV
ZLWK GDWDREWDLQHGIURP WKH PRGHO RI+DUULVRQDQG+LOOVE IRU WKHELQGLQJ
RIPHWK\ONHWRQHV ZLWK ~ - l a c t o g l o b u l i n . . 7KHVH GDWD VXJJHVW WKDW WKH PRGHOV ZLOO
KDYHVRPHLPSRUWDQFHZKHQVWXG\LQJDURPDUHOHDVHIURPPRGHOV\VWHPV
1.4 Defining Dispersion Systems 
$URPDUHOHDVHIURPPDQ\IRRGV\VWHPVKDVEHHQVWXGLHGH[WHQVLYHO\7D\ORUDQG
/LQIRUWK   KRZHYHU WKH SRWHQWLDO RIGLIIHUHQW PHWKRGV RIGLVSHUVLQJ
DQGGHOLYHULQJDURPDRQIODYRXUSHUFHSWLRQDUHQRWZHOOXQGHUVWRRG 5HOHDVHKDV
PDLQO\EHHQVWXGLHGIURPKRPRJHQRXVV\VWHPVGXHWRGLIILFXOWLHVLQYROYHGZLWK
SURGXFLQJ DQG GHILQLQJ LQKRPRJHQHRXV V\VWHPV +RZHYHU PRVW IRRG SURGXFWV





D VXJDUSKDVH ,Q WKLV V\VWHP SKDVHSDUWLWLRQLQJEHWZHHQRLO DQG VXJDUSKDVH LV
PXFK VORZHUWKDQ WKH UDWH RIYRODWLOLVDWLRQ IURP WKH QRQYLVFRXV RLO SKDVH 7KH
FRQVHTXHQFH LV WKDWYRODWLOLVDWLRQRFFXUV IURP WKH RLOSKDVHUDWKHUWKDQ IURP WKH
WRWDO SURGXFW SKDVH GH 5RRV  7KLV ZLOO DOVR EH WKH FDVH LQ ORZ ZDWHU
V\VWHPVVXFKDVERLOHGVZHHWV 6FKREHUDQG3HWHUVRQDVXJJHVWWKDWDURPD
FRPSRXQGV FRPH RXW RI VROXWLRQ LQ WKHVH ORZ ZDWHU V\VWHPV )RUPDWLRQ RI





$GGLWLRQ RIIODYRXUV WR IRRGV LV D FRPPRQ SURFHVV LQ WKH IRRG LQGXVWU\ DQG
PHWKRGV RI GLVSHUVLQJ WKH IODYRXUV DUH DQ LPSRUWDQW FRQVLGHUDWLRQ 0DQ\
LQGXVWULDO SURFHVVHV VHHN WR SURGXFH KRPRJHQRXV SURGXFWV ZKHUHE\ WKH
LQJUHGLHQWV LQFOXGLQJWKH IODYRXULQJ DUHGLVSHUVHGWKURXJKRXW 0L[LQJQRWRQO\
DIIHFWV WKHYRODWLOH FRPSRQHQWVRIDIRRG PL[WXUHEXWDOVR LQIOXHQFHVWKHPL[LQJ
RI QRQYRODWLOH FRPSRQHQWV 0L[LQJ PD\ DIIHFW WKH VWUXFWXUH ZKLFK KDV
FRQVHTXHQFHV IRU SURGXFW UKHRORJ\ $ EDODQFH PXVW EH PDLQWDLQHG EHWZHHQ
GLVSHUVLRQRILQJUHGLHQWVDQGGHVLUHGUKHRORJLFDOSURSHUWLHVRIWKHILQDO SURGXFWV
2YHUPL[LQJ RILQJUHGLHQWV FDQ OHDG WR D UHGXFWLRQ LQ WKH TXDOLW\ RIWKH ILQDO
SURGXFW DV ZHOO DV D FRVW LQ ILQDQFLDO WHUPV GXH WR LQFUHDVHG WLPH DQG HQHUJ\
UHTXLUHPHQWV 8QGHUPL[LQJ FDQ DOVR OHDG WR SRRU TXDOLW\ ILQDO SURGXFWV RU
XQPL[HGUHJLRQVRIIRRGFRPSRQHQWV7KLV LPSOLHVWKDWWKHOHYHORIPL[LQJQHHGV
WR EH FRQWUROOHG 0HDVXUHPHQWV RIWKH GHJUHH RIPL[LQJ DUH WKXV LPSRUWDQW IRU
SUHGLFWLQJ QRW RQO\ WKH GLVSHUVLRQ RI WKH DURPD FRPSRQHQWV EXW DOVR IRU
GHWHUPLQLQJWKHILQDO VWUXFWXUHRIWKHIRRG
7KLVUHVHDUFKDLPVWR ORRNDWWKHGLIIHUHQWGHJUHHVRIGLVSHUVLQJDQGGHOLYHULQJRI
DURPD FRPSRXQGV DQG WKH FRQVHTXHQFHV WKDW WKLV PD\ KDYH IRU DURPD UHOHDVH
DQG SHUFHSWLRQ ,Q WKLV VLWXDWLRQ WKH WHUP GLVSHUVLRQ LV XVHG WR GHVFULEH KRZ
KRPRJHQRXVO\PL[HG WKH DURPD FRPSRXQGV DUH WKURXJKRXW DSDUWLFXODUPDWUL[
7KLVPHDQVWKDWWKHEHWWHUWKHPL[LQJ WKHPRUHKRPRJHQRXVWKH VDPSOHZLOOEH
$V IRRGV DUH QRW KRPRJHQRXV WKH DLP LV WR LQYHVWLJDWH KRZ WKH GLIIHUHQW
PHWKRGV RIGLVSHUVLQJ DURPD FRPSRXQGV WKURXJKRXW IRRG PDWULFHV DIIHFW WKH
ZD\ LQ ZKLFK WKHVH FRPSRXQGV DUH UHOHDVHG DQG VXEVHTXHQWO\ ZKDW WKH
LQGLYLGXDOSHUFHLYHV
,Q WKLV VWXG\ WKH GHILQLWLRQRIGLVSHUVLRQKDV EHHQVHSDUDWHG LQWR WKUHH DUHDV IRU






$GGLWLRQ RIDURPD FRPSRXQGV LQ FDUULHU VROYHQWV WR GLVSHUVH DURPD WKURXJKRXW
PDWULFHVPROHFXODUVFDOH&KDSWHU
'HWHUPLQDWLRQ DQG SURGXFWLRQ RISKDVH VHSDUDWHG UHJLRQV RIDURPD FRPSRXQGV
GURSOHWV&KDSWHU
1.4.1 6FDOHRI6FUXWLQ\
7KH 6FDOH RI6FUXWLQ\ LV D WHUP XVHG WR GHVFULEH KRZ FORVHO\ D PL[WXUH LV
VFUXWLQL]HG 7KLV LV EHVW GHPRQVWUDWHGE\)LJXUH  7KH VTXDUH RQ WKH IDU OHIW
VKRZV D FRPSOHWHO\ PL[HG DQG KRPRJHQRXV VDPSOH $V WKH OHYHO RI
PDJQLILFDWLRQ LV LQFUHDVHGPRYLQJ IURP OHIW WR ULJKW WKHSDWWHUQEHFRPHVPRUH
GLVWLQFW DQG VHSDUDWH EODFN DQG ZKLWH UHJLRQV DSSHDU )XUWKHU LQFUHDVHV LQ
PDJQLILFDWLRQ VKRZPRUH DQG PRUH GLVWLQFWLRQEHWZHHQWKH UHJLRQV DV D VPDOOHU
DUHDRIWKHPL[WXUHLVDVVHVVHG5LHOO\ 




GLIIHUHQWOHYHOVRIPL[LQJWKDWZHUHLQYHVWLJDWHG ,QRUGHUWR GHILQH WKHPL[LQJRI
D V\VWHP D VWDWHPHQW DERXW WKH VFDOH RIVFUXWLQ\ PXVW EH PDGH 'DQFNZHUWV
 7KLV LQGLFDWHV WKDW FDUH PXVWEH WDNHQZKHQXVLQJ WKH WHUP KRPRJHQRXV
DV WKLVZLOOGHSHQGRQWKH OHYHORIPDJQLILFDWLRQEHLQJGLVFXVVHG)RUH[DPSOHDW
WKH KLJKHVW OHYHO RIPDJQLILFDWLRQ WKH DWRPLF OHYHO WKHQQR IRRG V\VWHPZLOO EH





1.4.2 Higher Scale Dispersions 
$W WKLV OHYHO RIPL[LQJ WKH LPSRUWDQW IDFWRU LV WKH DFWXDO SK\VLFDO VHSDUDWLRQ RI
DURPD LQWR KRPRJHQRXVPDFURUHJLRQV VXFK WKDW WKHUH PD\ EH ODUJH GLIIHUHQFHV
P DURPD FRQFHQWUDWLRQ EHWZHHQ GLIIHUHQW UHJLRQV RI WKH PDWUL[ ,QGXVWULDO
SURFHVVHV JHQHUDOO\ WHQG WR GHYHORS PL[LQJ V\VWHPV ZKLFK UDSLGO\ FUHDWH
KRPRJHQRXVO\ PL[HG VDPSOHV +RZHYHU WKLV PD\ QRW EH WKH EHVW DUUDQJHPHQW
IRU SURGXFLQJ SURGXFWV ZLWK RSWLPDO UHOHDVH FKDUDFWHULVWLFV )RU H[DPSOH
ORFDOLVHG IODYRXU SURYLGHGE\GHOLYHU\ IURP HQFDSVXODQWV KDV VKRZQ LQFUHDVHG




7KLV FDWHJRU\ RI GLVSHUVLRQ PHFKDQLVPV LQYROYHV D UDQJH RIPHFKDQLFDO RU
SK\VLFDO WHFKQLTXHV WR SURGXFH WKHVH VDPSOHV 7KLV LV WKH HTXLYDOHQW RI DQ
LQWHUPHGLDWH VFDOH RIVFUXWLQ\ VHH HDUOLHU $ UDQJH RIWHFKQLTXHV KDYH EHHQ
LQYHVWLJDWHGGXULQJ WKH FRXUVH RIWKLV UHVHDUFK WR SURGXFHPL[LQJ RQ WKLV VFDOH
/D\HULQJ VWLUULQJ DQG VWDWLF PL[LQJ KDYH DOO EHHQ XVHG WR FUHDWH D UDQJH RI
GLIIHUHQWO\PL[HGSURGXFWV
1.4.3 In-line Static Mixer System 
6WDWLF PL[HUV DV WKH QDPH VXJJHVWV GR QRW KDYH PRYLQJ SDUWV WR IDFLOLWDWH WKH
PL[LQJSURFHVV ,QVWHDG WKH\ FRQVLVWRIDYDU\LQJ QXPEHURIVSHFLDOO\GHVLJQHG
PL[LQJHOHPHQWVZLWKLQDOHQJWKRIWXELQJ ,QGXVWULDOSURFHVVHVJHQHUDOO\LQYROYH
WKH SXPSLQJ RIIOXLGV WKURXJK WKH PL[LQJ HOHPHQWV ,QFUHDVLQJ WKH QXPEHU RI

&KDSWHU ,QWURGXFWLRQ
PL[LQJHOHPHQWVLQFUHDVHVWKH OHYHORIPL[LQJWKDWRFFXUV ,QWKH ODPLQDUUHJLPH
HDFKPL[HUHOHPHQWUHGXFHV WKH VWULDWLRQWKLFNQHVV VFDOHRIVHJUHJDWLRQWKHUHE\
SURGXFLQJDPRUHKRPRJHQRXVVDPSOH(TXDWLRQVKRZVWKHQXPEHURIPL[HU
HOHPHQWVUHTXLUHGWR UHGXFH WKH VWULDWLRQWKLFNQHVV 7KLV DSSOLHVWR DVWDWLFPL[HU
ZKLFKKDVDOWHUQDWHSDWKVDWHDFKHOHPHQW
Equation 1.7 
ZKHUH LV WKHRULJLQDOVWULDWLRQWKLFNQHVVLV WKHILQDO VWULDWLRQWKLFNQHVVDQG0
LVWKHQXPEHURIPL[LQJHOHPHQWV
6WDWLFPL[HUV DUH KLJKO\HIILFLHQWIRU EOHQGLQJ IOXLGV DV GRXEOLQJ WKH QXPEHURI
HOHPHQWV VTXDUHV WKH DPRXQWRIPL[LQJ WKDWRFFXUV DV PHDVXUHGE\ DGHFUHDVH
LQVWULDWLRQWKLFNQHVV*RGIUH\5LHOO\
,PSRUWDQW XVHV RIWKHVH W\SHV RIPL[HUV DUH IRU PL[LQJ YLVFRXV PDWHULDOV RIWHQ
ZLWK YDU\LQJSURSHUWLHV 6WULHII DQGUDSLG OLTXLGOLTXLGGLVSHUVLRQV 7KH\
DUH FRPPRQO\ XVHG RQ D ODUJH VFDOH LQ VHZDJH WUHDWPHQW SODQWV 6WDWLF PL[HUV
KDYHEHHQXVHGWR KRPRJHQRXVO\PL[IUXLWSXUHHV LQWR\RJKXUW0DLRFFKL
DQG WR HQVXUH WKRURXJK PL[LQJ RIFKHPLFDOV LQWR GULQNLQJ ZDWHU 2UWL] DQG
'XFRVWH 6HYHUDOVWXGLHVKDYHEHHQFRQGXFWHGRQWKHHIILFLHQF\RIPL[LQJ
XVLQJ VWDWLFPL[HUV DQGWKHLUDELOLW\ WR SURGXFHKRPRJHQRXVPL[WXUHV 9LVVHUet 
al. )DQJDQG/HHYDQGHU+RHYHQet al. 
7KH PDLQ GLIIHUHQFHV EHWZHHQ VWDWLF PL[HUV DQG RWKHU W\SHV RIPL[HU DUH WKH
VWDWLRQDU\ QDWXUH RI WKH HOHPHQWV DQG WKH DELOLW\ WR UXQ WKH V\VWHPV DV D
FRQWLQXRXV SURFHVV 7KLV LV LGHDO IRU SURFHVVHV VXFK DV VHZDJH WUHDWPHQWZKLFK
ZDV PHQWLRQHG HDUOLHU 7KH LPSRUWDQFH RIXVLQJ D VWDWLF PL[HU V\VWHP IRU WKLV





3ULQFLSOHV RIPDVV WUDQVIHUZLOO DJDLQ DSSO\ WR WKH UHOHDVH RIIODYRXU IURP WKHVH
W\SHV RISURGXFWV DOWKRXJK WKH LQWHUHVWLQJ IDFWRUV PD\ EH PRUH LQ WKH LQLWLDO
UHOHDVHRIIODYRXUDV VXEVHTXHQWPDVWLFDWLRQDQGPL[LQJLQ PRXWKRIWKHVDPSOHV
PD\ SURYLGH WKH VDPH HQYLURQPHQW DV QRQOD\HUHG SURGXFWV 3ULQ] 
+RZHYHU FKHZLQJKDV VKRZQ DQ LQFUHDVH LQ WKH VXUIDFHDUHDH[SRVHGWR WKH JDV
SKDVHWKHUHE\LQFUHDVLQJYRODWLOHUHOHDVHYDQ5XWKDQG5RR]HQ
1.4.4 Carrier Solvents 
&DUULHUVROYHQWV DUH GHILQHGDV IRRGDGGLWLYHVXVHG WR GLVVROYH GLOXWH GLVSHUVH
RURWKHUZLVHSK\VLFDOO\PRGLI\DIRRG DGGLWLYHZLWKRXWDOWHULQJ LWV WHFKQRORJLFDO
IXQFWLRQ LQ RUGHU WR IDFLOLWDWH LWV KDQGOLQJ DSSOLFDWLRQ RU XVH 3UHVWRQ 
&DUULHUVROYHQWVDUH XVHG LQQXPHURXVIRRG DQGIRRGUHODWHGSURGXFWVLQRUGHUWR
SURYLGH D QXPEHURIIXQFWLRQV 7KHVH LQFOXGH GLVVROXWLRQ RIDURPDFRPSRXQGV
GLVSHUVLRQ LQ IRRG PDWULFHV KXPHFWDQWV IODYRXULQJ LWVHOIHVSHFLDOO\ LQ WKH FDVH
RIHWKDQRO LPSURYLQJ IODYRXU KDQGOLQJ DQG DFWLQJ DV D SUHVHUYDWLYH 7KH\ FDQ
DOVR EH XVHG DV GLOXWLRQ DJHQWV DV DURPD FRPSRXQGV DUH JHQHUDOO\ WRR
FRQFHQWUDWHG WR EH XVHG 
QHDW
 :ULJKW  )RU WKLV UHVHDUFK WKH NH\
FKDUDFWHULVWLFV DUH WKH HIIHFWV RI FDUULHU VROYHQWV RQ IODYRXU DGGLWLRQ DQG
GLVSHUVLRQ ZLWK VSHFLDO FRQVLGHUDWLRQ RI VROYHQW DELOLW\ WR LQFUHDVH IODYRXU
VROXELOLW\ZLWKLQIRRGPDWULFHV
'LIIHUHQW HDUQHU VROYHQWV DUH UHTXLUHG GXH WR WKH ZLGH UDQJH RI VROXELOLWLHV
REVHUYHG IRU GLIIHUHQW DURPD FRPSRXQGV 7KH\ FDQ EH XVHG WR GLVVROYH RLO
VROXEOH FRPSRXQGV LQ K\GURSKLOLF V\VWHPV RU DOWHUQDWLYHO\ ZDWHUVROXEOH
FRPSRXQGV LQ RLOULFK HQYLURQPHQWV 0RVW YRODWLOH FRPSRXQGV KDYH ORZ
VROXELOLWLHV LQ ZDWHU GXH WR WKHLUK\GURSKRELF QDWXUH *XQQLQJet al.  DQG
WKLV ZLOO DIIHFWZKHUH WKH\ZLOO SDUWLWLRQLQ IRRGV )URPWKLV GHILQLWLRQ LWLV HDV\




2ZLQJ WR WKHLU VWDWXV DV IRRG DGGLWLYHV YHU\ IHZ FRPSRXQGV DUH DFFHSWDEOH DV
FDUULHUV DQG WKRVH WKDW DUH KDYH VLJQLILFDQW UHVWULFWLRQV XSRQ WKHLU XVDJH
$SSURYHG FDUULHUV LQFOXGH HWKDQRO SURS\OHQH JO\FRO JO\FHURO DQG WULDFHWLQ
6KDUPD et al.  :ULJKW  7KHUH LV DOVR FRQFHUQ RYHU WKH XVHV RI
VROYHQWV ZLWK VRPH EHLQJ XQVXLWDEOH IRU D QXPEHU RIDSSOLFDWLRQV IRU HLWKHU
SUDFWLFDO RUHWKLFDO UHDVRQV HJ HWKDQRO LV SURKLELWHGLQ .RVKHU IRRGV 3UHVWRQ

$OWKRXJK RIFRPPHUFLDO LPSRUWDQFH WKHUH LV YHU\ OLWWOH SXEOLVKHG GDWD RQ WKH
HIIHFWVRIFDUULHUVROYHQWVRQGLVVROXWLRQDQGUHOHDVHRIDURPDFRPSRXQGVLQIRRG
V\VWHPV 5HFHQWO\ 6FKREHU et al. E D LQYHVWLJDWHG WKH HIIHFWV RI
SURS\OHQH JO\FRO PLJO\RO DQG FLQHROH RQ WKH UHOHDVH RI/PHQWKRO IURP D
ERLOHGVZHHWPDWUL[7KH\VKRZHGWKDWGLIIHUHQFHVUHODWLQJWR WKHK\GURSKRELFLW\
RIWKH VROYHQWV FRXOGDIIHFW WKH UHOHDVH RI/PHQWKRO ZLWKK\GURSKLOLF VROYHQWV
KDYLQJ D WZRIROG LQFUHDVH LQ WKH LQWHQVLW\ RIUHOHDVH 1XPHURXV RWKHU DXWKRUV
KDYH LQYHVWLJDWHG FRQIHFWLRQHU\ VW\OH V\VWHPV LQ UHODWLRQ WR DURPD UHOHDVH DQG
SHUFHSWLRQEXWQRQHKDYH VWXGLHGWKH LQIOXHQFHRIWKH FDUULHUVROYHQWV +LOOV DQG
+DUULVRQ  ,QJKDP et al. E +DUULVRQ DQG +LOOV  +DUYH\ 
/LQIRUWK et al. E 2QJ et al.  /LQIRUWK et al.  /XEEHUV DQG
*XLFKDUG
$OFRKROLF EHYHUDJHV GXH WR WKHLU FRPPHUFLDO LPSRUWDQFH KDYH EHHQ ZLGHO\
LQYHVWLJDWHG9RLOOH\et al. &RQQHUet al. &RQQHUet al. :LWKHUV
et al.  (VFDORQDet al.  (EHOHU (WKDQRO LV SUHVHQW LQ DUDQJH RI
FRQFHQWUDWLRQV LQ WKHVH V\VWHPV DOWKRXJK JHQHUDOO\ LQ PXFK KLJKHU
FRQFHQWUDWLRQV WKDQ FDUULHU VROYHQW OHYHOV 7KLV FDQ JLYH LQVLJKWV LQWR WKH
LPSRUWDQFHRIHWKDQRO RQ DURPDFRPSRXQGVROXELOLW\DQGUHOHDVH &RQQRUet al. 
VKRZHGWKDWKLJKHUHWKDQROFRQFHQWUDWLRQVDIIHFWHGKHDGVSDFHSDUWLWLRQLQJ
DQG RWKHUV KDYH VKRZQ WKDW WKH SUHVHQFH RIHWKDQRO FDQ DIIHFW WKH SHUFHSWLRQ
)LVFKHUet al.  3HUSHWH DQG &ROOLQ  &RVROYHQWV DUH JHQHUDOO\PXFK
PRUH ZLGHO\ VWXGLHG LQ SKDUPDFHXWLFDO V\VWHPV XVLQJ D UDQJH RIPRGHOV WR

&KDSWHU ,QWURGXFWLRQ
SUHGLFW WKH HIIHFWV RI DOWHULQJ VROYHQW FRQFHQWUDWLRQV *RXOG et al. 
<DONRZVN\ DQG 5XELQR  5XELQR DQG <DONRZVN\  %DQHUMHH DQG
<DONRZVN\  3LQDO et al.  /L DQG <DONRZVN\  -RX\EDQ
*KDUDPDOHNLet al. /Let al. <DONRZVN\E
$V YRODWLOH DURPD FRPSRXQGV DUH LQ WKH PDLQ K\GURSKRELF FRPSRXQGV WKH\
KDYH ORZ VROXELOLWLHV LQ ZDWHU 7KH K\GURSKRELFLW\ RI D FRPSRXQG FDQ EH
HVWLPDWHGE\ LWV RFWDQROZDWHUSDUWLWLRQFRHIILFLHQW /RJ3 ZKLFK JLYHV DYDOXH
RIKRZWKHYRODWLOHZLOOSDUWLWLRQLQDPL[HGV\VWHPRIRFWDQRODQGZDWHU7D\ORU
 $V PRVW IRRGV FRQWDLQ DW OHDVW VRPH ZDWHU LW LV LPSRUWDQW WKDW WKHVH
FRPSRXQGVFDQEHGLVSHUVHGDQGGLOXWHGLQIRRGV
&DUULHU VROYHQWV SURYLGH ERWK RIWKH DERYH IXQFWLRQV E\ UHGXFLQJ WKH DFWXDO
FRQFHQWUDWLRQRIWKHDURPDFRPSRXQGVE\GLOXWLRQDQGE\LQFUHDVLQJVROXELOLW\RI
DURPD FRPSRXQGV LQ WKH DSSURSULDWH PDWUL[ It LV WKHUHIRUH LPSRUWDQW WR DVVHVV
WKHEHKDYLRXURIWKHVH VROYHQWV RQDURPDUHOHDVHDQGSHUFHSWLRQDV ZHOO DV WKHLU
DSSOLFDELOLW\WRFHUWDLQV\VWHPV
1.4.5 Phase Separated and Heterogenous Dispersions 
It KDVEHHQREVHUYHGWKDWDEXUVWRIIODYRXUPD\EHLPSRUWDQWIRU VWLPXODWLQJWKH
RSWLPXPSHUFHSWXDO UHVSRQVH WR DQ DURPD %ODNH  ZLWK QXPHURXV VWXGLHV
VXJJHVWLQJDFRQWLQXHGUHOHDVH RIDURPDFDQ OHDGWR DGDSWDWLRQ'DYLGVRQet al. 
 +ROORZRRG et al.  %UHVOLQ  DQG D VXEVHTXHQW UHGXFWLRQ LQ
SHUFHSWLRQ It KDV DOVR EHHQ VKRZQ WKDW WDVWHDURPD LQWHUDFWLRQV DOVR SOD\ DQ









It KDVEHHQQRWHGZLWKLQRXUODE WKDWGURSOHWVRIDURPDFRPSRXQGVDUH VXEMHFWWR
PLJUDWLRQ LQ OLTXLGV\VWHPVDQGXSRQLQWHUDFWLRQZLWKWKHJDVOLTXLGLQWHUIDFHDUH
VXEMHFW WR YRODWLOLVDWLRQ UDWKHU WKDQ SDUWLWLRQ /LQIRUWK  3HUVRQDO
&RPPXQLFDWLRQ
,Q PDQ\ V\VWHPV WKH OHYHOV RIPRLVWXUH ZLWKLQ WKH V\VWHP PD\ EH ORZ RU WKH
FRPSDWLELOLW\RIWKHDURPDFRPSRXQGVZLWKWKHPDWUL[PD\EHUHGXFHGWR VXFKD
OHYHO WKDW FRQFHQWUDWHGUHJLRQV RIDURPD PD\ IRUP 7KLV PD\ HVSHFLDOO\EH WKH
FDVH LQ VDPSOHVVXFKDV GULHGSURGXFWVRUKDUGFDQGLHV ,QWKHVH V\VWHPVWKH ORZ
ZDWHUFRQWHQWPD\FDXVH LQVROXELOLWLHVRIDURPDFRPSRXQGVDQGWKHVHPD\IRUP
UHJLRQV ZLWKLQ WKH PDWUL[ VWUXFWXUHZKHUH WKH\ DUH FRQFHQWUDWHGGH 5RRV 
6FKREHUDQG3HWHUVRQD ,QVROXEOHUHJLRQVZLWKLQDPDWUL[ VXFKDV SXOS LQ
DQ RUDQJH MXLFH PD\ SUHIHUHQWLDOO\ FRQWDLQ DURPD FRPSRXQGV 7KHVH UHJLRQV
PD\ SURGXFH FRQFHQWUDWHG DURPD UHJLRQV WKDW PD\ LQFUHDVH WKH OHYHOV RIWKHVH
FRPSRXQGV GXULQJ FRQVXPSWLRQ VXEVHTXHQWO\ LQIOXHQFLQJ WKH SHUFHSWLRQ 5HJD
et al. 
(QFDSVXODWLQJ IODYRXUV LV D SRSXODUZD\ RIWUDSSLQJ DURPD ZLWKLQ D SURFHVVHG
IRRG WR SUHYHQWORVV RUFKHPLFDO FKDQJH 'DWDIURP VWXGLHV RQHQFDSVXODQWVKDV
VKRZQ WKDW WKH\ FDQ SURGXFH KLJKHU DURPD UHOHDVH LQWHQVLWLHV GXULQJ WKH HDUO\
FRQVXPSWLRQ RIFKHZLQJJXP WKDQ ZKHQ WKH DURPDZDV VROXELOLVHG LQ WKH JXP
EDVH +DUYH\ DQG %DUUD  6WXG\LQJ WKH EHKDYLRXU RIFRQFHQWUDWHG DURPD




1.5 Solubility, Solvents and Solute Effects 
1.5.1 Principles of Solubility 
*HQHUDOO\VROXWLRQVFDQEHGHVFULEHGDV KRPRJHQRXV OLTXLGSKDVHVFRQVLVWLQJRI
PRUHWKDQRQHVXEVWDQFHZKHUHRQHRIWKHVXEVWDQFHVZLOOEHGHQRWHGWKHVROYHQW
DQG WKH RWKHUV VROXWHV 7KH HDUOLHVW LQYHVWLJDWLRQV LQWR VWXG\LQJ WKH VROXELOLW\RI
VROXWHV SURGXFHG WKH ZHOO NQRZQ FKHPLFDO UXOH OLNH GLVVROYHV OLNH ,Q PDQ\
FDVHV WKH SUHVHQFH RIVLPLODU IXQFWLRQDO JURXSV LV VXIILFLHQW WR SURGXFH WKLV
HIIHFW KRZHYHU WKLV FRQFOXVLRQ KDV OLPLWHG DSSOLFDELOLW\ ZLWK QXPHURXV
H[FHSWLRQV IRU FKHPLFDOO\ GLVVLPLODU FRPSRXQGV ,Q IDFW LQVROXELOLW\ FDQ EH
REVHUYHG LQ VSLWH RIVLPLODU IXQFWLRQDO JURXSV HJ SRO\YLQ\O DOFRKRO LQ HWKDQRO
5HLFKDUGW
It LV WKHUHIRUH WKH LQWHUDFWLRQEHWZHHQWKH VROYHQWDQGVROXWHPROHFXOHVWKDWZLOO
GHWHUPLQH WKH PXWXDO VROXELOLW\ 7KH PDLQ SURSHUWLHV RI D VROXWLRQ FDQ EH
GHVFULEHG LQ WHUPV RIWKH LQWHUDFWLRQV EHWZHHQ WKH VROYHQW DQG WKH VROXWHV $
VROXWH ZLOO GLVVROYH LQ D VROYHQW LIWKH VROXWHVROYHQW LQWHUPROHFXODU IRUFHV DUH
HQHUJHWLFDOO\PRUH IDYRXUDEOH WKDQ WKRVH RIWKH VROXWHVROXWH RUVROYHQWVROYHQW
,QWHUPROHFXODU IRUFHV LQ VROXWLRQ DUH UHVSRQVLEOH IRU WKH DWWUDFWLRQ RUUHSXOVLRQ
EHWZHHQ PROHFXOHV DQG DUH PXFK ZHDNHU WKDQ FKHPLFDO ERQGV 7KH LPSRUWDQW
LQWHUPROHFXODUIRUFHVZKLFKGHWHUPLQHVROXELOLW\EHKDYLRXUDUHGHWDLOHGEHORZ
 LRQGLSROH LQWHUDFWLRQV DUH H[KLELWHGZKHQ DQ LRQ LV VROYDWHG LQ VROXWLRQE\D










 +\GURSKRELF LQWHUDFWLRQV UHSXOVLYH LQWHUDFWLRQEHWZHHQDSRODUPROHFXOH DQG
D QRQSRODU PROHFXOH EXW DQ DWWUDFWLYH LQWHUDFWLRQ EHWZHHQ WZR QRQSRODU
PROHFXOHVVRDVWRH[FOXGHSRODUPROHFXOHVFRPLQJLQEHWZHHQWKHPROHFXOHV
7KHVH LQWHUDFWLRQV ZKLFK FRQWURO WKH VROXELOLW\ DQG SDUWLWLRQLQJ EHKDYLRXU RI
VROXWHVLQDUDQJHRIPHGLDDUHGLVFXVVHGIXUWKHULQWKHIROORZLQJWH[WV5HLFKDUGW
*UDQWDQG+LJXFKL $WNLQV <DONRZVN\ E)UDQNV It 
LVFOHDUWKDWDWLQILQLWHGLOXWLRQDQ\VROXWHVROXWHLQWHUDFWLRQVFDQEHLJQRUHG
1.5.2 Solvation in Water 
:DWHU LV WKH PRVW FRPPRQVROYHQW LQ IRRG V\VWHPVZLWK DOPRVW DOO IRRG UHODWHG
SURGXFWV FRQWDLQLQJ VRPH DYDLODEOH ZDWHU PROHFXOHV 7KH VROYDWLRQ RI D
K\GURSKRELF VROXWH E\ZDWHUFDQ VXSHUILFLDOO\EH GHVFULEHGE\ WKH K\GURSKRELF
HIIHFW7KHK\GURSKRELFHIIHFWFDQEHGHILQHGDV WKHGLVDIILQLW\RIRLOZLWKZDWHU
DQG GHVFULEHV WKH LQVROXEOH QDWXUH RIRLO LQ ZDWHU 6RXWKDOO et al.  7KH
K\GURSKRELFHIIHFWLVQRWGLVFXVVHGLQGHSWKKHUHDQGWKHUHDGHULV GLUHFWHGWR WKH
IROORZLQJ UHIHUHQFHV IRU PRUH LQIRUPDWLRQ 6KDUS DQG 0DGDQ  'LOO et al. 
6RXWKDOOet al. 8UELFet al. 
7KH FRPPRQ H[SODQDWLRQ IRU D VROXWH WR GLVVROYH LQ ZDWHU LV GHVFULEHG )RU D
VROXWHWR EHFRPHGLVVROYHGLQZDWHU DQXPEHURIVWDJHVQHHGWR RFFXU )LUVWWKH
+ERQGLQJQHWZRUNKDVWREHGLVUXSWHGLQRUGHUWR IRUPDFDYLW\ZLWKLQWKHZDWHU
VWUXFWXUH 7KLV FDYLW\ PXVW EH DEOH WR DFFRPPRGDWH WKH VROXWH 6XEVHTXHQWO\
GLVSHUVLRQZLOOWKHQRFFXUWR HQDEOHWKHFRPSRXQGVWRJDLQDFFHVVWR WKHFDYLWLHV
DQG WKHVH ZLOO EH DSSOLFDEOH WR DOO VROXWHV )LQDOO\ LQWHUDFWLRQVEHWZHHQ VLPLODU
UHJLRQV ZLOO RFFXUDQG ILQDO VROXELOLW\ZLOO EHGHSHQGHQWRQ WKHVH VROXWHVROYHQW
LQWHUDFWLRQV +RZHYHU WKLV PHFKDQLVP LV TXHVWLRQHG E\ 5XHOOH DQG .HVVHOULQJ

&KDSWHU ,QWURGXFWLRQ
D 7KH\ VXJJHVW WKDW WKH +ERQGLQJ VWUXFWXUH RIZDWHU LV QRW D VWDWLF
VWUXFWXUH DQGWKHVH ERQGV DUH EHLQJUDSLGO\EURNHQ DQGUHIRUPHGEHWZHHQRWKHU




LQ ZDWHU WHQG WR EH ORZ 7KLV LV D JHQHUDOLVDWLRQ DV PDQ\ FRPSRXQGV GR KDYH
KLJK DTXHRXV VROXELOLWLHV PHWK\O DFHWDWH HWKDQRO KRZHYHU LW LV WKH PRUH
K\GURSKRELFFRPSRXQGVWKDWDUHRIPRVWLQWHUHVWLQ WKLV VWXG\ 7KHK\GURSKRELF
QDWXUHRIDFRPSRXQGLVFRPPRQO\LQGLFDWHGE\WKH/RJ.RZ /RJ3YDOXH7KLV
UHSUHVHQWV WKH GHJUHH RISDUWLWLRQ RIDURPD FRPSRXQGV EHWZHHQ D ZDWHU SKDVH
DQGDQDVVRFLDWHGLPPLVFLEOHRLOSKDVHQRUPDOO\RFWDQRO
1.5.3 Effects of Co-solvents (carrier solvents) 
&DUULHU VROYHQW LV WKH WHUP FRPPRQO\ XVHG WR GHVFULEH WKRVH VROYHQWV WKDW DUH
XVHG WR GHOLYHU DURPD FRPSRXQGV WR IRRGV DQG IODYRXULQJV +RZHYHU WKH
SURSHUWLHV WKH\ GHPRQVWUDWH DUH DFWXDOO\ WKRVH RI FRVROYHQF\ DQG VWULFWO\
VSHDNLQJ WKH\ VKRXOG EH FDOOHG FRVROYHQWV 7KLV LV D EHWWHU WHUP WR XVH ZKHQ
GHVFULELQJWKHHIIHFWVWKDWWKH\KDYHRQFRPSRXQGVROXELOLW\LQDTXHRXVV\VWHPV
&RVROYHQWVDUH JHQHUDOO\RUJDQLFPROHFXOHV WKDWDUH IRU WKHPRVWSDUWPLVFLEOH
ZLWK ZDWHU 7KH\ DUH PDLQO\ OLTXLGV EXW FDQ DOVR LQFOXGH D UDQJH RI VROLGV
GLVVROYHGLQWRZDWHUHJ VXJDUV7KHPDLQSULQFLSOHLV WKDWWKH\FDQIDFLOLWDWHWKH
VROXELOLVDWLRQRIQRQSRODUVROXWHVLQWRDQDTXHRXVVROXWLRQ7KLVLVDFKLHYHGE\D
UHGXFWLRQ LQ WKH LQWHUDFWLRQV EHWZHHQ ZDWHU PROHFXOHV DQG WKXV DOORZLQJ PRUH
DFFHVV IRU VROXWHV WR EH VROXELOLVHGLQ WKH DTXHRXV SKDVHRUDUHGXFHGDELOLW\RI
ZDWHU WR VTXHH]H RXW QRQSRODU VROXWHV <DONRZVN\ E 7KH SRODULW\ RI




7KH HIIHFWV RI FRVROYHQWV RQ WKH UHOHDVH RI DURPD FRPSRXQGV IURP IRRG
PDWULFHV KDYH QRW EHHQ LQYHVWLJDWHG WR DQ\ JUHDW H[WHQW 0RVW RIWKH SUHYLRXV
ZRUN KDV EHHQ FDUULHG RXW LQ SUHGLFWLQJ WKH HIIHFWV RI DOWHULQJ FRVROYHQW
FRPSRVLWLRQ IRU WKH VROXELOLW\ DQG UHOHDVH RISKDUPDFHXWLFDO SURGXFWV 6HFWLRQ
5HFHQWO\VRPHUHVHDUFKZDVFDUULHGRXWE\6FKREHUDQG3HWHUVRQE
RQ ERLOHG VZHHWV ZKLFK VXJJHVWHGWKDW WKHK\GURSKRELFLW\RIWKH FDUULHU VROYHQW
FRXOG DIIHFW WKH DURPD UHOHDVH 7KH\ VKRZHG WKDW D K\GURSKLOLF VROYHQW
SURS\OHQH JO\FRO KDG D KLJKHU OHYHO RIUHOHDVH FRPSDUHG WR D K\GURSKRELF
VROYHQWFLQHROHIRUWKHUHOHDVHRIWKHK\GURSKRELFFRPSRXQG/PHQWKRO
(WKDQRO LV DZHOOXVHGFRVROYHQWGXH WR LWVKLJK VROXELOLW\IRUQRQSRODUVROXWHV
DV ZHOO DV LWVPLVFLELOLW\ZLWKZDWHU<DONRZVN\E VXJJHVWVWKDWHWKDQRO LV
WZLFHDVSRZHUIXODFRVROYHQWDVSURS\OHQHJO\FRODQGIRXUWLPHVPRUHSRZHUIXO
WKDQJO\FHURO(WKDQROLQIRRG V\VWHPVKRZHYHU FDQFDXVHVRPHFRPSOH[LWLHVDV




VWXIIV LW LV RILQWHUHVW WR LQYHVWLJDWH WKH LQIOXHQFHV WKDW WKH W\SH RIVROYHQW XVHG
PD\EHKDYLQJRQ WKH RYHUDOOEHKDYLRXURIWKH DURPDFRPSRXQGV 7KHVHHIIHFWV
DUHQRWOLPLWHGWR WKHVROXELOLVDWLRQDQGGLVSHUVLRQRIDURPDVZLWKLQDPDWUL[EXW
PD\KDYHDQLPSDFWRQWKHOHYHOVDQGUDWHVRIUHOHDVH
1.5.4 Effects of Sugars 
7KH HIIHFWRIVXJDUV RQ WKH SDUWLWLRQLQJEHKDYLRXURIYRODWLOHV KDV EHHQ VWXGLHG
H[WHQVLYHO\ 7KH LQLWLDO VWXGLHV ZHUH PDGH E\ 1DZDU  ZKR XVHG JDV
FKURPDWRJUDSK\ WR LQYHVWLJDWH WKH HIIHFWV RI JOXFRVH RQ WKH KHDGVSDFH




:LHQWMHV  VKRZHG DQ LQFUHDVH LQ WKH SDUWLDO YDSRXU SUHVVXUH IRU VRPH
VWUDZEHUU\ YRODWLOHV DQG D GHFUHDVH IRU RWKHUV ZKHQ LQYHUW VXJDU DQG IUXFWRVH
ZHUH DGGHG 6XJDUV PD\ DIIHFW WKH UHOHDVH RIYRODWLOHV WKURXJKELQGLQJDQG WKH

VDOWLQJRXWHIIHFW
 UHODWLYHFKDQJHVLQWKHSDUWLWLRQFRHIILFLHQWGXH WR FKDQJHVLQ
VROXWH FRQFHQWUDWLRQ LQ WKH VROXWLRQ 7\SLFDOO\ WKH DGGLWLRQ RIVDOW RUDFLG WR D
V\VWHP ZLOO HQKDQFH WKH KHDGVSDFH FRQFHQWUDWLRQ RI SRODU YRODWLOHV 1DZDU
 7KLV ZRUN VKRZHG WKDW LQFUHDVLQJ VXFURVH FRQFHQWUDWLRQ LQFUHDVHG WKH
FRQFHQWUDWLRQ RI DFHWRQH EXW FRUUHVSRQGLQJO\ UHGXFHG WKH FRQFHQWUDWLRQV RI
KHSWDQRQH DQG KHSWDQDO 7KH VDPH DXWKRUV DOVR VKRZHG WKDW DW  VXFURVH
GLIIHUHQWPRGHVRIDURPDDGGLWLRQDIIHFWHGWKHKHDGVSDFHFRQFHQWUDWLRQDQGWKH\
VXJJHVWHG WKDW WKLV ZRXOG EH GXH WR LQWHUDFWLRQV EHWZHHQ VXFURVH DQG ZDWHU
PROHFXOHV *O\FHURO  DQG JHODWLQH  DOVR UHGXFHG WKH KHDGVSDFHYRODWLOH
FRQFHQWUDWLRQV IRU DOO WKH YRODWLOHV 6LQFH WKHVH ILUVW VWXGLHV PDQ\ PRUH
LQYHVWLJDWLRQV KDYH EHHQ FDUULHG RXW VKRZLQJ ERWK LQFUHDVHV DQG GHFUHDVHV RI
YRODWLOH KHDGVSDFH FRQFHQWUDWLRQV IRU D UDQJH RIVXJDUV DQG DURPD FRPSRXQGV
9RLOOH\et al.  .LHFNEXVFKDQG.LQJ E 1DKRQet al. 1DKRQet 
al. D1DKRQet al. E1DKRQet al.  
9RLOOH\et al. REVHUYHGDQLQFUHDVHLQKHDGVSDFHFRQFHQWUDWLRQRIDFHWRQH
DQG RFWDQRO ZKHQ LQFUHDVLQJ FRQFHQWUDWLRQV RI VXJDUV ZHUH DGGHG WR DQ
DTXHRXVVROXWLRQ7KH\H[SODLQHGWKHVHFKDQJHVRQWKHEDVLVRIPROHIUDFWLRQDQG
DFWLYLW\ FRHIILFLHQW ,Q VRPH FDVHV FKDQJHV LQ WKH PROH IUDFWLRQ DQG DFWLYLW\
FRHIILFLHQW ZLWK LQFUHDVLQJ VROXWH FRQFHQWUDWLRQ HIIHFWLYHO\ FDQFHO HDFK RWKHU
RXW DQG WKHUH LV QR FKDQJH LQ KHDGVSDFH FRQFHQWUDWLRQ 'HFUHDVHV DQG LQFUHDVHV
LQKHDGVSDFHFDQDOVREHH[SODLQHGE\WKHVHPHFKDQLVPV
)ULHO DQG FRZRUNHUV  VKRZHG LQFUHDVHV DQG GHFUHDVHV LQ KHDGVSDFH
FRQFHQWUDWLRQ IRU  YRODWLOH FRPSRXQGV LQ  VXFURVH VROXWLRQV 7KH\ XVHG
4635 4XDQWLWDWLYH 6WUXFWXUH3URSHUW\ 5HODWLRQVKLS PRGHOOLQJ WR SUHGLFW WKH
HIIHFWV RIYRODWLOH SDUWLWLRQLQJ DQG IRXQG WKDW  SK\VLFRFKHPLFDO GHVFULSWRUV
SURYLGHG D JRRG H[SODQDWLRQ RI WKH GDWD /RJ 3 /802 HQHUJLHV DQG D

&KDSWHU ,QWURGXFWLRQ
FRQQHFWLYLW\ WHUP 7KHVH DXWKRUV LOOXVWUDWHG WKH LPSRUWDQFH RI WKH DURPD
FRPSRXQG SK\VLFRFKHPLFDO SURSHUWLHV RQ WKHLU SDUWLWLRQ FRHIILFLHQWV IURP KLJK
FRQFHQWUDWLRQ VXFURVH VROXWLRQV /DWHU +DQVVRQ et al. D VKRZHG WKDW
LQFUHDVLQJ WKH VXJDU FRQFHQWUDWLRQ IURP  VLJQLILFDQWO\ LQFUHDVHG WKH
KHDGVSDFH FRQFHQWUDWLRQVRIILYH YRODWLOH FRPSRXQGVEXWWKH HIIHFWV IRU JOXFRVH
V\UXSZHUH OHVV SURQRXQFHG 7KH\ VXJJHVWHGWKDW WKH UHGXFHGHIIHFWV RIJOXFRVH
V\UXS ZHUH GXH WR WKH KLJKHU FRQFHQWUDWLRQ RIIUHH ZDWHU FRPSDUHG WR VXFURVH
&KDQJHV LQ DIRUPXODWLRQ WKDWDIIHFW VXJDUFRQWHQWPD\WKHUHIRUHKDYHSURIRXQG
HIIHFWVRQWKHUHOHDVHRIWKHYRODWLOHDURPDFRPSRXQGVLQWKDWIRRG
6XJDUVSUHVHQWLQVROXWLRQZLOOGLVUXSWWKHULJLGZDWHUVWUXFWXUHDQGVXEVHTXHQWO\
PRGHUDWHO\ LQFUHDVH WKH K\GURSKRELF QDWXUH RI WKH VROXWLRQ 7KLV ZLOO KDYH
LPSOLFDWLRQV IRU WKH VROXELOLW\ DQG VXEVHTXHQWO\ WKH DFWLYLW\ DQG SDUWLWLRQ
FRHIILFLHQWV RIDURPD FRPSRXQGV <DONRZVN\ E +\GURJHQ ERQGLQJ RI
ZDWHU ZLWK HTXDWRULDO K\GUR[\O JURXSV FRXOG UHVXOW LQ WKH IRUPDWLRQ RI
K\GURSKRELFUHJLRQV LQZKLFKDURPDFRPSRXQGVPD\EHFRPHHQWUDSSHG)UDQNV

,Q FRPPHUFLDO WHUPV VXJDUV DUH DNH\SDUWRIWKH IODYRXU UHVSRQVH REVHUYHGE\
FRQVXPHUV 7KH\ LQIOXHQFH SHUFHSWLRQ WKURXJK WDVWH HIIHFWV DQG WKURXJK DURPD
HIIHFWV UHODWHG WR WKH VDOWLQJ LQ DQG VDOWLQJ RXW RIDURPD FRPSRXQGV 7KLV
PD\GLVUXSWWKHEDODQFHRIIODYRXUV DQGVRUHVHDUFKLQWRSUHGLFWLQJWKHHIIHFWVRQ
GLIIHUHQWDURPDFRPSRXQGV LV LPSHUDWLYH 7KH LQIOXHQFHRIGLIIHULQJDPRXQWVRI
FDUULHU VROYHQWV RQ WKLV VXJDUDURPD LQWHUDFWLRQ PD\ DOVR SURYLGH YDOXDEOH
LQIRUPDWLRQRQSDUWLWLRQLQJLQUHDOV\VWHPV
1.6 Effects of Food Matrices 
'LVSHUVLRQ RIDURPD FRPSRXQGV LV GHSHQGHQW RQ WKH W\SHV RIIRRG PDWULFHV
LQYHVWLJDWHG )RRGV DUH JHQHUDOO\PDGH XS RID UDQJH RIQXPHURXV FRPSRQHQWV




RI DURPD FRPSRXQGV (IIHFWV PD\ RFFXU GXH WR UHGXFHG GLIIXVLRQ GXH WR
LQFUHDVHGYLVFRVLW\ LQFUHDVHGELQGLQJWR VLWHV RQ FRPSRQHQWV RUFKDQJHV LQ WKH
VROXELOLW\RIWKHDURPDFRPSRXQGV
9LVFRVLW\ LV JHQHUDOO\ LQFUHDVHGE\WKHSUHVHQFHRIPDFURPROHFXODUFRPSRQHQWV
RU D UHGXFWLRQ LQ WKH OLTXLG SKDVH RID V\VWHP 0DQ\ FRPSRQHQWV DUH DFWXDOO\
DGGHG WR HQKDQFH WKH YLVFRVLW\ LQ PDQ\ IRRG V\VWHPV 7KH HIIHFWV RI WKHVH
PHFKDQLVPVZLOO EHWR UHGXFHWKH OHYHOVRIGLIIXVLRQDQGPDVV WUDQVIHURIDURPD
FRPSRXQGV<YHQet al. 
%LQGLQJ RIDURPD FRPSRXQGV FDQ RFFXU IRU ERWK SURWHLQV /DQG\ et al. 
/XEEHUVet al. %XURYDet al. DQGFDUERK\GUDWHVVXFKDVK\GURFROORLGV
5REHUWVet al. <YHQet al. DQGVWDUFK6ROPV /DQJRXULHX[DQG
&URX]HW  %RXWERXOet al.  7KLV PD\ RFFXUWR GLIIHULQJGHJUHHV IURP
ZHDN DGVRUEWLRQ GXH WR 9DQ GHU :DDOV IRUFHV WR VSHFLILF FKHPLFDO ELQGLQJ
FRYDOHQWERQGV
3URWHLQV DUH FDSDEOH RIVLJQLILFDQW DURPD ELQGLQJ DQG WKHLUSUHVHQFH LQ D IRRG
OHVVHQV WKH HIIHFWLYH IUHH FRQFHQWUDWLRQ DYDLODEOH IRU UHOHDVH DQG KHQFH FDQ
VLJQLILFDQWO\ DOWHU WKH RYHUDOO IODYRXU DYDLODEOH IRU SHUFHSWLRQ 2YHUERVFKet al. 
 7KLV ELQGLQJ LV GHSHQGHQW RQ WKH SK\VLFRFKHPLFDO FRQGLWLRQV RI WKH
V\VWHP HJ S+ WHPSHUDWXUH LRQLF VWUHQJWK ZDWHU FRQWHQW ZKLFK ZLOO
GHWHUPLQH WKH VWDWH RIWKH SURWHLQ DQG KHQFH WKH JURXSV DYDLODEOH IRU DURPD
ELQGLQJ 7KH IRUP RIWKHSURWHLQGHQDWXUHGRUQDWXUDOZLOO LQIOXHQFHWKHGHJUHH
DQGW\SHRIDURPDELQGLQJWKDWPD\RFFXU It LV OLNHO\LQPDQ\IRRG V\VWHPVWKDW
WKH SURWHLQV ZLOO EH GHQDWXUHG E\ KHDWLQJ SURFHVVHV DQG WKHUHIRUH VWXGLHV RQ
GHQDWXUHGSURWHLQVPD\JLYHEHWWHULQGLFDWLRQVRIDURPDELQGLQJ
)DWV FDQ DIIHFW WKH VROXELOLW\DQGSDUWLWLRQLQJEHKDYLRXURIDURPDFRPSRXQGV )DW
LV DQ LPSRUWDQWIODYRXUVROYHQW$URPDFRPSRXQGVZLOOGLIIHULQWKHLUIDW VROXELOLW\





UHOHDVH GHSHQGLQJ RQ WKHLU IDW VROXELOLW\ %XWWHU\ *XDGDJQL DQG /LQJ 
VKRZHGWKDWWKHJDVHPXOVLRQSDUWLWLRQFRHIILFLHQWGHFUHDVHGZLWKLQFUHDVLQJFKDLQ
OHQJWK 'HODKXQW\ et al.  VKRZHG WKDW K\GURSKRELF YRODWLOHV ZLOO
SUHIHUHQWLDOO\SDUWLWLRQ LQWR WKH IDW SKDVH LQ FKHHVH DQG WKDW WKLV PD\ VORZGRZQ
WKHLUYRODWLOL]DWLRQGXULQJ HDWLQJ 7KHUHIRUH E\ FKDQJLQJWKH IDW FRQWHQWRIIRRGV
RQH ZRXOG H[SHFW FKDQJHV LQ YRODWLOH FRPSRVLWLRQ YRODWLOH LQWHQVLW\ DQG UDWH RI
UHOHDVH3OXJDQG+DULQJ +DUULVRQDQG+LOOVPRGHOOHGDURPDUHOHDVH
IURP HPXOVLRQV DQG WKHLU VXJJHVWLRQ WKDW WKH HPXOVLRQJDV LQWHUIDFH LV WKH UDWH
OLPLWLQJ VWHS IRU DURPD UHOHDVH VXSSRUWV WKH SUHYLRXV ILQGLQJV 'H 5RRV 
UHSRUWHGWKDWYRODWLOLVDWLRQRIDURPDFRPSRXQGVZDVORZHUIURPYHJHWDEOHRLO WKDQ
IURP D VXJDUVOXUU\ 7KHVH V\VWHPV VXJJHVWWKDW WKH DOWHUDWLRQRIIDW FRQWHQWV ZLOO
SOD\ D FRQVLGHUDEOH SDUW RQ WKH UHOHDVH RIK\GURSKRELF DURPD FRPSRXQGV 7KHVH
FKDQJHVZLOOQHHGWREHFRQVLGHUHGZKHQV\VWHPVFRQWDLQLQJIDWDUHLQYHVWLJDWHG
2YHUDOO DURPD FRPSRXQGV SRVVHVV D UDQJH RIIXQFWLRQDO JURXSV DQG LQGLYLGXDO
FRPSRXQGV ZLOO EH DIIHFWHG E\ WKH IRRG PDWUL[ WR GLIIHULQJ GHJUHHV WKLV PD\
DOWHU WKH EDODQFH RI D IODYRXU DV ZHOO DV FDXVLQJ D GHFUHDVH LQ WKH RYHUDOO
LQWHQVLW\ 7KHXVH RIPRGHO V\VWHPVZLOO WKHUHIRUHSURYLGHDJRRGLQGLFDWLRQRI
WKHEDVLFVRIGLIIHUHQWW\SHVRIPL[LQJDQGWKHHIIHFWVRQUHOHDVHDQGZLOOKHOSWR
PLQLPLVH WKH HIIHFWV RIQRQYRODWLOH FRPSRQHQWV It LV DOVR WKH DLP WR WDNH WKHVH
SULQFLSOHVDQGUHDSSO\WKHPWRUHDOIRRGSURGXFWV
1.6.1 Xanthan Solutions 
;DQWKDQ LV DFRPPRQO\XVHGWKLFNHQHUSURGXFHGE\DEDFWHULXPXanthomonas 
campestris. It LV FRPSOHWHO\VROXEOH LQ KRWRUFROGZDWHU DQGSURYLGHVYHU\KLJK
YLVFRVLW\ VROXWLRQV DW ORZ FRQFHQWUDWLRQV It LV FRPPRQO\ XVHG WR VWDELOL]H




7KH HIIHFWV RIK\GURFROORLGV RQ DURPD UHOHDVH DQG SHUFHSWLRQ DUH FRPSOH[
6HQVRU\VWXGLHV JHQHUDOO\DJUHH WKDW WKHSHUFHLYHGIODYRXU LQWHQVLW\GHFUHDVHVDV
WKHYLVFRVLW\ LQFUHDVHV +ROORZRRGet a!.  &RRNet al. E 7KHHIIHFWLV
QRW VHHQ DW FRQFHQWUDWLRQV EHORZ F WKH ELRSRO\PHU FRQFHQWUDWLRQ ZKHQ WKH
FKDLQV EHJLQ WR HQWDQJOH EXW DERYH F WKHUH LV D FOHDU GHFUHDVH LQ IODYRXU
LQWHQVLW\%HFDXVHRIWKLVREVHUYDWLRQ LWKDVEHHQK\SRWKHVLVHGWKDWWKH LQFUHDVHG
YLVFRVLW\KLQGHUV PDVV WUDQVSRUWRIDURPDFRPSRXQGV WR WKH JDV SKDVH In vitro 
VWXGLHVXVLQJG\QDPLFKHDGVSDFHDQDO\VLV FDQVKRZGLIIHUHQFHV IRU DTXHRXV DQG
YLVFRXV VROXWLRQV 5DQNLQDQG%RG\IHOW  %\ODLWHet al.  %\ODLWHet al. 
 VXJJHVW WKDW [DQWKDQ FRQFHQWUDWLRQ DQG WKH QDWXUH DQG SK\VLFRFKHPLFDO
SURSHUWLHVRIDURPDFRPSRXQG UDWKHUWKDQYLVFRVLW\SOD\DPDMRUUROH DIIHFWLQJ
DURPD UHOHDVH in vitro. +RZHYHU WKH VLWXDWLRQ in vivo LV PRUH FRPSOH[ 8VLQJ
IRXU GLIIHUHQW K\GURFROORLGV &RRN et al. E IRXQG WKH ZHOOGRFXPHQWHG
GHFUHDVH LQ VHQVRU\ SHUFHSWLRQ EXW GLG QRW ILQG D FRUUHVSRQGLQJ GHFUHDVH LQ
DURPD UHOHDVH PHDVXUHG in vivo. :HHO et al.  UHSRUWHG VLPLODU UHVXOWV IRU
VHQVRU\ SHUFHSWLRQ RIZKH\ SURWHLQ JHOV 7KHVH GLVFUHSDQFLHV EHWZHHQ in vitro 
DQG in vivo UHVXOWV VXJJHVWWKDWGLIIHUHQWSURFHVVHVDUH LQIOXHQFLQJWKH UHOHDVH RI
DURPD FRPSRXQGV ZLWK FRQFHQWUDWLRQV RI WKLFNHQHU DQG QDWXUH RI DURPD
FRPSRXQGV EHLQJ PRUH UHOHYDQW WKDQ WKH DFWXDO FKDQJHV LQ YLVFRVLW\ RI WKH
V\VWHP
1.6.2 Boiled Sweets 
%RLOHG VZHHWV RU KDUG FDQGLHV DUH RQH RI WKH PRVW GHILQLWLYH VROLG PRGHO
V\VWHPV 7KHVLPSOLFLW\RIWKH PDWUL[ FRPELQHGZLWKWKHZHOO HVWDEOLVKHGPRGH
RIEUHDNGRZQ PDNHV LW D XVHIXO PRGHO +LOOV DQG +DUULVRQ  EDVHG WKHLU
VWDJQDQWOD\HUWKHRU\RIUHOHDVHRQWKH HIIHFWVREVHUYHGIRU WKHUHOHDVHRIDIRRG
G\H GXULQJWKH VDPSOHGHJUDGDWLRQ ,Q WKLV VLWXDWLRQDURPDUHOHDVHRFFXUV DV WKH




WKH KHDGVSDFH SURYLGLQJ D UDWH RIUHOHDVH GHSHQGHQW RQ WKH GLVVROXWLRQ RIWKH
VXJDUJODVVPDWUL[
5HFHQWO\ RWKHUDXWKRUV KDYH LQYHVWLJDWHGWKH EHKDYLRXURIDURPDFRPSRXQGV LQ
ERLOHGVZHHWV 'H5RRV  VKRZHGWKDWLIDURPDZDVDGGHGLQYHJHWDEOHRLO
ZKLFKIRUPHGDELSKDVLFV\VWHPZLWKWKHVXJDUPL[WXUHWKHQORZHUUHWHQWLRQZDV
REVHUYHG GXH WR YRODWLOLVDWLRQ IURP WKH RLO SKDVH )ROORZLQJ RQ IURP WKLV
6FKREHU DQG 3HWHUVRQ E D LQYHVWLJDWHG WKH HIIHFWV RIFRPSRXQG
FRPSRXQGDQGFRPSRXQGVROYHQWLQWHUDFWLRQVIURPERLOHGVZHHWV7KH\UHSRUWHG
WKDW LQFRPSDWLELOLWLHV EHWZHHQ DURPD FRPSRXQGV DQG WKH PDWUL[ PD\ IRUP
SRFNHWV ZKHUH WKH DURPD FRPSRXQGV ZLOO UHVLGH UDWKHU WKDQ GLVSHUVLRQ
WKURXJKRXWWKHPDWUL[
1.6.3 Gelatine-Sucrose Gels 
*HODWLQH LV D KLJK PROHFXODU ZHLJKW SRO\SHSWLGH SURGXFHG E\ WKH WKHUPDO
GHJUDGDWLRQ RIFROODJHQ DQG REWDLQHG IURP WKH WUHDWPHQW RIDQLPDO ERQHV DQG
VNLQ It FRPHV LQ WZR IRUPV GHSHQGLQJ RQ WKH W\SH RIWUHDWPHQW DQ DFLGLF
WUHDWPHQW 7\SH $ RU DQ DONDOLQH WUHDWPHQW 7\SH % 7KH DONDOLQH WUHDWPHQW
FRQYHUWV DVSDUDJLQH DQGJOXWDPLQH UHVLGXHV WR WKHLUUHVSHFWLYH DFLGV DQG UHVXOWV
LQDKLJKHUYLVFRVLW\
*HODWLQH FRQVLVWV RID ODUJH QXPEHU RIJO\FLQH SUROLQH DQG K\GUR[\SUROLQH
UHVLGXHV ,Q EULHI WKH SURWHLQ LV PDGH XS RISHSWLGH WULSOHWV JO\FLQH  ;  <
ZKHUHX DQGY FDQEHDQ\ RQHRIWKH DPLQR DFLGV EXWSUROLQHKDV DSUHIHUHQFH
IRU WKH X SRVLWLRQ DQGK\GUR[\SUROLQH WKH Y SRVLWLRQ %DLOH\ DQG/LJKW 
*HODWLQH LV SULPDULO\ XVHG DV D JHOOLQJ DJHQW IRUPLQJ WUDQVSDUHQW HODVWLF








It KDV EHHQ VXJJHVWHG WKDW DURPD UHOHDVH IURP JHODWLQHVXFURVH JHOV RFFXUV YLD
GLVVROXWLRQRIWKH PDWUL[ DQG VXEVHTXHQWSDUWLWLRQRIWKH DURPDFRPSRXQGV LQWR
WKH VDOLYD 7KH GULYLQJ IRUFH IRU IODYRXU UHOHDVH IURP JHODWLQHVXFURVH JHOV LV
GHSHQGHQWRQ WKHPHOWLQJWHPSHUDWXUHRIWKHJHOV DQGWKH VXFURVHFRQFHQWUDWLRQV
ZKLFK ZLOO DIIHFW WKH UDWH RI PHOWLQJ DQG UHOHDVH ,QFUHDVHG VXFURVH
FRQFHQWUDWLRQV ZLOO LQFUHDVH WKH PHOWLQJ WHPSHUDWXUH RIWKH JHO VXFK WKDW LIWKH
VXFURVHFRQWHQWH[FHHGVWKHPHOWLQJWHPSHUDWXUHZLOOEHKLJKHUWKDQWKDWRI
WKH PRXWK $URPD UHOHDVH ZLOO WKHUHIRUH GHSHQG RQ WKH UDWH RIGLIIXVLRQ RI
VXFURVHRXWRIWKHJHOVDPSOH7KLVZLOOORZHUWKHJHOPHOWLQJSRLQWRIWKHJHODQG
DOORZ DURPD UHOHDVH WR RFFXU +DUULVRQ DQG +LOOV  7KHVH DXWKRUV EDVHG
WKHLU PRGHO RQ WKH SHQHWUDWLRQ WKHRU\ RILQWHUIDFLDO PDVV WUDQVIHU PHQWLRQHG
SUHYLRXVO\ 2DNHQIXOO DQG 6FRWW  IRXQG WKDW  VXFURVH LQFUHDVHG WKH
PHOWLQJWHPSHUDWXUHRIDJHODWLQHVXFURVHJHOE\&
6HYHUDO VWXGLHV KDYH XVHGJHODWLQHVXFURVH JHOV WR VWXG\DURPD UHOHDVH %DHNet 
a!.,  VKRZHG WKDW WKH GLIIHUHQW UDWHV RI UHOHDVH REVHUYHG IRU GLIIHUHQW
JHODWLQH FRQFHQWUDWLRQVZHUHQRWGXH WR ELQGLQJRIYRODWLOH WR SURWHLQ LQ WKH JHO
QRUWR PXFRXVPHPEUDQHV EXWZHUHGXH WR GLIIHUHQWUDWHV RIJHO EUHDNGRZQ LQ
PRXWK /LQIRUWK et a!.  VWXGLHG UHOHDVH RI GLIIHUHQW DURPD FRPSRXQGV
IURP JHODWLQHVXFURVH JHOV 7KH\ WKHQ XVHG 4635 WR LGHQWLI\ WKH
SK\VLFRFKHPLFDOSDUDPHWHUVRIDURPDFRPSRXQGVWKDWJRYHUQHGWKHUHOHDVHIURP
JHODWLQHVXFURVH JHOV +\GURSKRELFLW\ YRODWLOLW\ DQG +DUWUHH (QHUJ\ ZHUH WKH
NH\IDFWRUV +ROORZRRGet a!. VKRZHGWKDWTXDQWLW\RIYRODWLOHGHOLYHUHGWR
WKHQRVHIURPJHODWLQHJHOVZDVGLUHFWO\SURSRUWLRQDOWRWKHFRQFHQWUDWLRQLQ
WKH VDPSOH )XUWKHUPRUH WKH UHODWLRQVKLS EHWZHHQ SHUFHLYHG LQWHQVLW\ DQG
VDPSOHFRQFHQWUDWLRQZDVOLQHDUIRUWKHVHQVRU\GDWD
7KH PHOWLQJ RIWKH JHOV ZDV D FUXFLDO DVSHFW RIWKH UHOHDVH PHFKDQLVP IRU WKLV
WKHVLV ,QRXUVWXGLHV WKHJHOVZHUHPDGHZLWKKLJKVXJDUFRQWHQWDQGWKXVDURPD
UHOHDVH ZRXOGEH GHSHQGHQW RQ WKH GLVVROXWLRQ DQGGLIIXVLRQ RIVXFURVH SULRUWR
PHOWLQJRIWKH JHO VDPSOHV $QRWKHU LPSRUWDQW IDFWRU ZDV WKH DELOLW\ WR SURGXFH

&KDSWHU ,QWURGXFWLRQ
OD\HUHGVDPSOHVZKLFKZDVNH\WR VRPHRIWKH H[SHULPHQWVGLVFXVVHGLQ &KDSWHU

1.6.4 Chewing Gum 
&KHZLQJ JXP LV D WZRSKDVH V\VWHP FRQVLVWLQJ RID ZDWHU LQVROXEOH JXP EDVH
DQGDZDWHUVROXEOHVXJDUSKDVH'XHWR WKHK\GURSKRELFQDWXUHRIWKHJXPEDVH
WKH DURPDFRPSRXQGVZLOO EHSUHIHUHQWLDOO\VROXEOH LQWKLVSKDVH It LV DVLPSOH
VHPLVROLG PDWUL[ ZKLFK FDQ EH FKHZHG IRU D ORQJ SHULRG RIWLPH LQ D VHPL
FRQWUROOHG IDVKLRQ 2YHMHUR/RSH] et al.  7KLV FRQWUDVWV WR WKH JHODWLQH
VXFURVH JHO PDWUL[ZKLFK LV UDSLGO\EURNHQ GRZQ GXULQJ WKH PDVWLFDWLRQSHULRG
7KH ODFN RIFKDQJH LQ EROXV OHQJWK GHVFULEHG E\ 3ULQ]  PHDQV WKDW LW
SURYLGHV WKH LGHDO FRPSDULVRQ IRU OD\HULQJ WR WKH JHOV ZKLFK ZLOO KDYH YDVWO\
DOWHUHGVXUIDFHDUHDV
2WKHUVWXGLHVRQFKHZLQJJXPKDYHFRUUHODWHGIODYRXUSHUFHSWLRQZLWKUHOHDVHRI
VXJDU UDWKHU WKDQ PHQWKRQH 'DYLGVRQ et al.  +RZHYHU WKLV HIIHFW LV
GLVSXWHG E\2YHMHUR/RSH] et al.  ZKRVH UHVXOWV VXJJHVW WKDW WKHUH LV QR
GUDPDWLF GHFUHDVH LQ VZHHWQHVV SHUFHSWLRQ RYHU WKH PDVWLFDWLRQ SHULRG 7KHVH
DXWKRUV KRZHYHU XVHG WKH LQWHQVH VZHHWHQHUVRUELWRO UDWKHU WKDQ VXFURVH ZKLFK
PD\ KDYH H[SODLQHG WKH GLIIHUHQFHV REVHUYHG DV VRUELWRO ZLOO KDYH D KLJK
VZHHWQHVV LQWHQVLW\DQGPD\VKRZORZHUOHYHOVRIGHSOHWLRQRYHUWLPHFRPSDUHG
WR VXFURVH 1LHGHUHUet al.  KDYH VXJJHVWHGWKDW LQFRPSDWLELOLWLHVEHWZHHQ
FKHZLQJ JXP EDVH DQG IODYRXU PROHFXOHV FDQ OHDG WR WKH LQFRUSRUDWLRQ RIWKH
IODYRXUPROHFXOHVDVGURSOHWV7KLVPD\KDYHLPSOLFDWLRQVIRUWKHUHOHDVHSDWWHUQV





<RJKXUW FRQVXPSWLRQ KDV LQFUHDVHG LQ UHFHQW WLPHV DQG VXEVHTXHQWO\ UHVHDUFK




FRQWDLQ IODYRXU SUHSDUDWLRQV DQG D QXPEHURIIUXLW EDVHG\RJKXUWV DOVR FRQWDLQ
SLHFHV RIVROLG IUXLW 0L[LQJ RIWKHVH FRPSRQHQWV FDQ RFFXU LQ WKH LQGXVWULDO
SURFHVV KRZHYHU D FRPPRQ WKHPH QRZDGD\V LV WR KDYH D VHSDUDWH VHFWLRQ
LQFOXGHGZLWKWKHSODLQ\RJKXUW7KLVZLOOFRQWDLQDGGLWLRQDOIODYRXULQJVLQ WKH
IRUP RIIUXLW FRPSRWHV FKRFRODWH SLHFHV RU RWKHU PL[WXUHV )UXLW SXUHHV KDYH
EHHQGHVFULEHGDV EHLQJPL[HGLQWR\RJKXUWVE\VWDWLFPL[HUV\VWHPV1DYUDWLOet 
al. 






 7KH IDW LQ \RJKXUW ZLOO DFW DV D VROYHQW IRU IODYRXU FRPSRXQGV DQG WKH
DOWHUDWLRQ RIWKH IDW FRQWHQW RIIRRGV ZLOO FKDQJH WKH UDWH DQG FRQFHQWUDWLRQ DW
ZKLFK IRRG IODYRXU PROHFXOHV DUH YRODWLOLVHG GXULQJ FRQVXPSWLRQ 7KH RWKHU
FRPSRQHQWV RI\RJKXUW PD\ DIIHFW WKH ELQGLQJ SURWHLQV FDUERK\GUDWHV DQG
SDUWLWLRQLQJVXJDUVDFLGVRIDURPDFRPSRXQGVLQWKH\RJKXUW
$URPD UHOHDVH DQG PL[LQJ EHKDYLRXU RQ \RJKXUWV KDV EHHQ VWXGLHG SUHYLRXVO\
EXW D FRPELQDWLRQ RIWKH WZR KDV \HW WR EH LQYHVWLJDWHG %UDXVV et al. 
VKRZHG WKDW LQFUHDVLQJ WKH IDW FRQWHQW RI\RJKXUW IURP    KDG D VLPLODU
PD[LPXPLQWHQVLW\ RIUHOHDVH IRU DQHWKROH +RZHYHU LQFUHDVLQJ WKH IDW FRQWHQW
LQFUHDVHG WKH WLPH WR UHDFK WKLV LQWHQVLW\DQG LQFUHDVHGWKH OHYHOV RISHUVLVWHQFH
REVHUYHG .DQWet al.  LQYHVWLJDWHGWKH HIIHFWVRI~ - c y c l o d e x t r i n . . :KHQ ~ ~

&KDSWHU ,QWURGXFWLRQ
F\FORGH[WULQ ZDV DGGHG WR IDW IUHH \RJXUW WKH UHOHDVH RID FRPPHUFLDO OHPRQ
IODYRXULQJ ZDV PRGLILHG DQG SURGXFHGD OHYHO RIDURPD UHOHDVH VLPLODU WR WKDW
IURP DUHJXODUIDW \RJKXUW LQ WKDW LW DOORZHGDEHWWHUFRQFHQWUDWLRQRIIODYRXU WR
EHUHWDLQHGLQWKH\RJKXUWWKDQDORZIDW\RJKXUW0HLet al. XVHG37506
WR VWXG\ WKLFNHQHU HIIHFWV RQ DURPD UHOHDVH IURP \RJKXUW 7KH\ IRXQG WKDW
VZHHWHQHUV VLJQLILFDQWO\ UHGXFHG WKH DURPD UHOHDVH EXW WKH RWKHU WKLFNHQHUV KDG
QR HIIHFW 7KHVH VWXGLHV VKRZWKH DSSOLFDELOLW\RIXVLQJ$3FL06 IRU PHDVXULQJ
DURPDUHOHDVHIURP\RJKXUWVDQGLOOXVWUDWHGWKH LPSRUWDQFHRIWKHFRPSRQHQWVRI
WKH\RJKXUWRQDURPDUHOHDVH
'HFRXUFHOOH et al.  FRQFOXGHG IURP VWXG\LQJ DURPD UHOHDVH IURP VWLUUHG
\RJKXUWV WKDW WKH QDWXUHRILQJUHGLHQWV LQ DGGHGIUXLW SUHSDUDWLRQVH[SODLQHGWKH
HIIHFWV RQ WKH DURPD UHOHDVH UDWKHU WKDQ DQ\ GLIIHUHQFHV LQ UKHRORJ\ 7KLV ILQDO
UHIHUHQFH VXJJHVWV WKDW LQ D VWLUUHG \RJKXUW V\VWHP WKH FKDQJHV LQ UKHRORJ\
SURGXFHG E\ VWLUULQJ ZRXOG KDYH QHJOLJLEOH HIIHFWV RQ WKH UHOHDVH RI DURPD
FRPSRXQGV
1.6.6 Emulsion Systems 
$V \RJKXUW LV UHJDUGHGDV DQ HPXOVLRQ LW LV LPSRUWDQWWR LQFOXGHDVPDOO VHFWLRQ
RQ WKH EHKDYLRXU RIHPXOVLRQV 7KH RLO SKDVH LWVHOI FDQ KDYH HIIHFWV RQ WKH
SDUWLWLRQLQJ RIDURPD FRPSRXQGV ZLWK PRUH K\GURSKRELF FRPSRXQGV VKRZLQJ
WKH ODUJHVWHIIHFWV&DUH\et al.  YDQ5XWKet al. E 5HONLQet al. 
,QPXOWLSKDVH V\VWHPV VXFK DV HPXOVLRQV WKH UHOHDVHZLOOEHGHWHUPLQHGE\WKH
SDUWLWLRQLQJRIWKHDURPDFRPSRXQGVEHWZHHQWKHGLIIHUHQWSKDVHV7KHRLOSKDVH
LV QRW WKH RQO\ LPSRUWDQW FRPSRQHQW RIWKH \RJKXUW WKDW PD\ LQIOXHQFH DURPD
UHOHDVH 7KH HPXOVLILHUVSUHVHQWPD\ DOVR KDYH DQ HIIHFWGXH WR VSHFLILFELQGLQJ
RU DGVRUSWLRQ DW WKH RLOZDWHU LQWHUIDFH +DUYH\ et al.  E\ PHDQV RIWKH

URWDWLYH GLIIXVLRQ FHOO
 VKRZHG WKDW DV WKH FRQFHQWUDWLRQ RI WKH HPXOVLILHU





E\ DQ LQFUHDVH LQ WKH LQWHUIDFLDO UHVLVWDQFH GXH WR WKH SUHVHQFH RIDQ DGVRUEHG
OD\HU RISURWHLQ DW WKH LQWHUIDFH $URPD FRPSRXQGV ZLOO QRW DOO EHKDYH LQ WKH
VDPH ZD\ 9DULDWLRQV LQ SDUWLWLRQ ZLOO EH GHSHQGHQW RQ WKH SK\VLFRFKHPLFDO
SURSHUWLHVRIWKHFRPSRXQG
1. 7 Methods of Measuring Aroma Release 
0HDVXUHPHQWRIDURPDUHOHDVH LV QRW DVLPSOHSURFHVVGXH WR WKHQDWXUHRIIRRG
V\VWHPV DQG WKH LQWHUDFWLRQVEHWZHHQFRPSRQHQWV 7KH LQDELOLW\RIPDFKLQHV WR
VXFFHVVIXOO\ UHSURGXFH VHQVLWLYLWLHV FORVH WR WKDW RIKXPDQ ROIDFWLRQ LV DOVR
DQRWKHUVWXPEOLQJEORFNWR WKHDQDO\VLVRIDURPDV 7KLVPD\PHDQWKDWDOWKRXJK
DURPD FRPSRXQGV FDQ EH GHWHFWHG E\ KXPDQ SDQHOOLVWV WKH VXEVHTXHQW
PHDVXUHPHQWWHFKQLTXHVDUHQRWVHQVLWLYHHQRXJKWREHDEOHWRPHDVXUHWKLV
6WDWLFHTXLOLEULXPFRQFHQWUDWLRQVKDYHEHHQVWXGLHGIRUPDQ\\HDUVDQGDUHEDVHG
RQ WKHSULQFLSOHVGHVFULEHGLQ 6HFWLRQ  6LQFHWKH ODWH 
V1DZDU 
:LHQWMHV  %XWWHU\ et al.  FRQVLGHUDEOH QXPEHUV RI VWXGLHV KDYH
IRFXVVHGRQWKH PHDVXUHPHQWRIYRODWLOHFRPSRXQGVDERYH VROXWLRQVKHDGVSDFH
DQDO\VLV 2ULJLQDOO\WKH WHFKQLTXH LQYROYHGGLUHFW LQMHFWLRQRID TXDQWLW\RIWKH
JDV SKDVH LQWR D *&06 6XEVHTXHQWO\ D QXPEHU RI RWKHU V\VWHPV ZHUH
GHYHORSHG WR WUDS DURPDFRPSRXQGV IURP WKH KHDGVSDFHSULRUWR WUDQVIHUWR WKH
*&06 7KHVH LQFOXGHG 6ROLG 3KDVH 0LFUR([WUDFWLRQ 630( ILEUHV 0DUVLOL
 :LGGHU et al.  DQG 7HQD[ WUDSSLQJ G\QDPLF V\VWHPV RQO\
.DUDKDGLDQ DQG -RKQVRQ  %XWWHU\ DQG /LQJ  7KHVH PHWKRGV
KRZHYHU DUH WLPHFRQVXPLQJ DQG DUH XQDEOH WR PHDVXUH DURPD UHOHDVH IURP
KXPDQVXEMHFWVLQUHDOWLPH
4XDQWLILFDWLRQRIYRODWLOH UHOHDVH GXULQJ FRQVXPSWLRQSUHVHQWV DGLIIHUHQW UDQJH




D *&06 /DWHU LQYHVWLJDWLRQV XVHG PRUH VRSKLVWLFDWHG PHWKRGV IRU FROOHFWLQJ
WKH DURPD FRPSRXQGV IURP WKH EUHDWK LQFOXGLQJ FU\RWUDSSLQJ /LQIRUWK DQG
7D\ORU  DQG 7HQD[ WUDSSLQJ /LQIRUWK DQG 7D\ORU  'HODKXQW\ et al. 
5DEHet al. 
6RHWLQJDQG+HLGHPD ILUVW DSSOLHGGLUHFWPDVVVSHFWURVFRS\LQ DQ DWWHPSW
WR PHDVXUH YRODWLOH FRPSRXQGV IURP KXPDQ EUHDWK 7KHLUPHWKRG LQYROYHG WKH
H[KDOHGDLUKDYLQJWRSDVVWKURXJKDVHPLSHUPHDEOHPHPEUDQHWR UHPRYHPDQ\
RIWKH DLU DQG ZDWHU FRPSRQHQWV EXW HQFRXQWHUHGSUREOHPV ZLWK WKH VHQVLWLYLW\
RQO\ SSP UDQJH DQG VHOHFWLYLW\ RIWKH WHFKQLTXH 7KLV VLWXDWLRQ ZDV QRW LGHDO
DQG WKH WHFKQLTXHZDV QRWFRQVLGHUHGIXUWKHUXQWLO GHYHORSPHQWE\/LQIRUWKDQG
7D\ORU  7KH\ GHYHORSHG D V\VWHP EDVHG RQ $WPRVSKHULF 3UHVVXUH
&KHPLFDO ,RQLVDWLRQ 0DVV 6SHFWURPHWU\ $3FO06 D WHFKQLTXH WKDW ZDV ILUVW
VXJJHVWHGIRU EUHDWKDQDO\VLVE\%HQRLWet al. LQ  7KH /LQIRUWKDQG7D\ORU
PHWKRG LQYROYHG WKH GHYHORSPHQW RIDQ LQWHUIDFH 7KLV FRPSULVHG RID KHDWHG
WUDQVIHUOLQHZKLFKFRXOGFDUU\JDVSKDVHFRQFHQWUDWLRQVIURPHLWKHUKHDGVSDFHRU
GLUHFWO\ IURP SDQHOOLVWV GLUHFWO\ LQWR WKH LRQLVDWLRQ UHJLRQ RI WKH PDVV
VSHFWURPHWHU
1.7.1 APCI-MS for Measuring Aroma Release 
7KH $3FO06 WHFKQLTXH GHYHORSHG E\ 7D\ORU DQG /LQIRUWK DOORZV WKH UDSLG
PHDVXUHPHQW RIJDV SKDVH FRQFHQWUDWLRQV ZLWK VHQVLWLYLWLHV RIEHWZHHQ 
SSEYGHSHQGLQJRQWKHYRODWLOHFRPSRXQG7D\ORUet al. 7KHWHFKQLTXH LV
GLVFXVVHGLQGHWDLOEHORZ
$GHDFWLYDWHG IXVHG VLOLFDWXEH LV VXUURXQGHGE\D IORZ RIQLWURJHQDWKLJK IORZ
UDWHV7KLVSURGXFHVDYHQWXULHIIHFWZKLFKVHUYHVWRGUDZDFRQWLQXRXVJDVSKDVH
IURP WKH RXWVLGH HQYLURQPHQW LQWR WKH LRQLVDWLRQ VRXUFH $ KHDWHG WUDQVIHUOLQH











)LJXUH  'LDJUDPPDWLF UHSUHVHQWDWLRQ RIWKH $3FL06 V\VWHP XVHG IRU DURPD
UHOHDVHVWXGLHV
8SRQUHDFKLQJWKH LRQLVDWLRQVRXUFHWKHZDWHUSUHVHQWLQ WKHVDPSOH LV VXEMHFWHG
WR D N9 FRURQD GLVFKDUJH 7KLV VHUYHV WR SURWRQDWH WKH ZDWHU PROHFXOHV DQG
SURGXFHV WKH K\GURQLXP LRQ + 3UHYLRXV PHWKRGV VWUXJJOHG WR IXQFWLRQ
DFFXUDWHO\GXH WR WKHKLJK OHYHOVRIZDWHUSUHVHQWLQH[SLUHGDLUZKLFKLQWHUIHUHG
ZLWK WKH DQDO\VLV ,Q WKH $3FL06 WHFKQLTXH WKH ZDWHU YDSRXU SUHVHQW LQ WKH
H[SLUHG DLU LV HVVHQWLDO IRU SURGXFLQJ WKH UHDJHQW + LRQ 7KHVH LRQV DUH
SURGXFHG DV RSSRVHG WR DQ\ LRQV IURP DPELHQW DLU GXH WR WKH KLJKHU SURWRQ
DIILQLW\RIWKHH20 PROHFXOH7KHLRQLVDWLRQRIWKHDURPDFRPSRXQGVLVDFKLHYHG
E\SURWRQ WUDQVIHU UHDFWLRQV )LJXUH  7KHVH RFFXUDV WKH DURPDFRPSRXQGV
JHQHUDOO\ KDYH KLJKHU SURWRQ DIILQLWLHV WKDQ ZDWHU DQG ZLOO WKXV EHFRPH
SURWRQDWHGRQFROOLVLRQZLWKWKHK\GURQLXPLRQV 7KHSRVLWLYH LRQVSURGXFHGDUH
WUDQVIHUUHG LQ DYDFXXPWR WKHTXDGUXSROHPDVV VSHFWURPHWHUUHJLRQ ZKHUH WKH\
DUH VHSDUDWHGDQGGHWHFWHGEDVHGRQ WKHLUPROHFXODUPDVV 7KLVLV DOVRNQRZQDV
WKH PDVV WR FKDUJH UDWLR P] DV WKH PROHFXOHV JHQHUDOO\ SURGXFH SURWRQDWHG





 DQG WKHUHIRUH YHU\ OLWWOH IUDJPHQWDWLRQ RI WKH DURPD PROHFXOHV LV
REVHUYHG7KLVPHDQVWKDWPRVWLRQVGHWHFWHGZLOOEHWKHRULJLQDOPROHFXOHSOXVD
SURWRQ 0+ ,Q VRPH FDVHV VRPH IUDJPHQWDWLRQ PD\ RFFXU DQG WKLV LV
HVSHFLDOO\ WKH FDVH LQ ORQJHUFKDLQ DOFRKROV ZKLFK WHQG WR GHK\GUDWH DQG ORVH D
ZDWHUPROHFXOH
)LJXUH  5HSUHVHQWDWLRQ RIVRPH RIWKH SURWRQ WUDQVIHU UHDFWLRQV WKDWRFFXU LQ
$3FL06
$3&,06 KDV DOORZHG VLJQLILFDQW VWHSV WR EH PDGH LQ WKH VWXGLHV RIDURPD
UHOHDVH HVSHFLDOO\ ZLWK UHJDUG WR UHOHDVH IURP SDQHOOLVWV DQG WHPSRUDO SURILOHV
+RZHYHU LW LV QRW ZLWKRXW LWV OLPLWDWLRQV $OWKRXJK LW LV FDSDEOH RIPRQLWRULQJ
WKH UHOHDVHRID ZLGH UDQJH RIFRPSRXQGV VLPXOWDQHRXVO\ WKH WHFKQLTXH RIVRIW
LRQLVDWLRQ SUHFOXGHV WKH IRUPDWLRQ RIGLVWLQFWLYH IUDJPHQWDWLRQ SDWWHUQV 7KLV
PHDQV WKDW FRPSRXQGV SURGXFLQJ WKH VDPH PROHFXODU LRQ FDQQRW EH UHVROYHG
IURP RQH DQRWKHU XVLQJ WKLV DQDO\VLV )RU H[DPSOH DP\O DFHWDWH DQG LVRDP\O
DFHWDWH ERWK SURGXFH D PROHFXODU LRQ RI EXW DQDO\VLV E\ $3FL06 ZLOO EH
XQDEOH WR UHVROYH WKH FRQWULEXWLRQV RIHDFK ,RQ WUDS $3FL06 RU0606 PD\
UHVROYH VRPH RIWKHVH UHVROXWLRQ LVVXHV EXW DV D FRQVHTXHQFH RIWKH WHFKQLTXH
LQYROYHG VRPH RIWKH WLPHUHVROXWLRQ ZLOO EH ORVW ZKLFK PD\ EH LPSRUWDQW LQ
PHDVXUHPHQW RIVDPSOHV XQGHUJRLQJ UDSLG FKDQJHV VXFK DV LV WKH FDVH GXULQJ
FRQVXPSWLRQ in vivo. $QRWKHUSRWHQWLDOSUREOHPDULVHVZKHQVDPSOHVFRQWDLQLQJ
HWKDQRODUHPRQLWRUHG,IWKHHWKDQROFRQFHQWUDWLRQLQDQDTXHRXVVDPSOHH[FHHGV
WKHQFKDQJHVLQLRQLVDWLRQRUFRPSRXQGVPD\RFFXU7KLVLVGXHWRWKHKLJKHU
SURWRQ DIILQLW\ RIHWKDQRO FRPSDUHG WR ZDWHU FDXVLQJSURGXFWLRQ RI
HWKDQROLF

>&+++W UHDJHQW LRQV LQ SUHIHUHQFH WR + LRQV 7KH GLIIHUHQW SURWRQ

&KDSWHU ,QWURGXFWLRQ
WUDQVIHU FKDUDFWHULVWLFV RIHWKDQRO KDYH EHHQ VKRZQ WR KDYH GLIIHUHQW LRQLVDWLRQ
HIIHFWVRQDUDQJHRIDURPDFRPSRXQGV$]QDUet al. 
$QRWKHU VLJQLILFDQW OLPLWDWLRQ RI $3FL06 LV WKH SRWHQWLDO RI FRPSHWLWLRQ
EHWZHHQ LRQLVDWLRQRIPROHFXOHV LQ WKH VRXUFH 7KLVZLOO EH HVSHFLDOO\ LPSRUWDQW
IRU IODYRXU PL[WXUHV ZKHUH D QXPEHU RI DURPD FRPSRXQGV ZLOO EH SUHVHQW
VLPXOWDQHRXVO\:KDWWKLV VXJJHVWV LV WKDWDVSURWRQWUDQVIHULV GHSHQGHQWRQWKH
SURWRQDIILQLW\RIWKHFRPSRXQGVVRPHFRPSRXQGVZLOOEHSUHIHUHQWLDOO\LRQLVHG
LQDV\VWHPDQGLWPD\EHVXFKWKDWGLIIHUHQWFRPSRXQGVZLOODIIHFWWKHLRQLVDWLRQ
RIRWKHUFRPSRXQGV LQ WKH PL[WXUH )RUH[DPSOH LW KDV EHHQGHPRQVWUDWHG WKDW
HWK\O KH[DQRDWH LQ PL[WXUHV FDQ LQFUHDVH WKH LRQLVDWLRQ RI RWKHU PROHFXOHV
SUHVHQW DQG WKXV DOWHU WKH OHYHOV GHWHFWHG E\ WKH PDVV VSHFWURPHWHU /H 4XHUH
3HUVRQDO &RPPXQLFDWLRQ &RPSHWLWLRQ EHWZHHQ FRPSRXQGV PD\ WKHUHIRUH
DGYHUVHO\ DIIHFW WKH TXDQWLWDWLYH QDWXUH RIWKLV WHFKQLTXH ZKHQ DURPD PL[WXUHV
DUHXVHG
$Q DOWHUQDWLYH WHFKQLTXH EDVHG RQ SURWRQ WUDQVIHU 3URWRQ 7UDQVIHU 5HDFWLRQ
0DVV6SHFWURPHWU\37506KDVDOVREHHQGHYHORSHGDQGDOORZVPHDVXUHPHQW
RIYRODWLOH UHOHDVH It DFWV RQWKH VDPHSULQFLSOHRIFKHPLFDO LRQLVDWLRQDV $3FL
06 ZLWK+DV WKH LRQLVLQJUHDJHQWEXWKDVEHHQVKRZQWREHDEOHWRPHDVXUH
XSWRSSWYOHYHOV/LQGLQJHUet al. ,IORQJVDPSOLQJWLPHVDUHXVHGWKHNH\
GLIIHUHQFHVEHWZHHQ$3FL06DQG37506DUH WKDWWKHUHDJHQWLRQVDUH IRUPHG
VHSDUDWHO\ DQG WKHQ DOORZHG WR UHDFW ZLWK WKH DQDO\WHV LQ WKH VDPSOH XQGHU
UHGXFHG SUHVVXUH 7D\ORU DQG /LQIRUWK  $ QXPEHU RIDXWKRUV KDYH XVHG
37506 DV DQDOWHUQDWLYHWR$3FL06IRUUHDO WLPHPRQLWRULQJRIDURPDUHOHDVH
0D\Uet al. YDQ5XWKDQG%XKU0HVWUHVet al. 
1.  Flavour Perception 
7LPHLQWHQVLW\ 7, WHFKQLTXHV KDYH EHHQ VWXGLHG LQWHQVLYHO\ IRU QXPHURXV
SURGXFWV IURPJHOV :LOVRQDQG%URZQ WR FKHZLQJJXPV'DYLGVRQet al. 

&KDSWHU ,QWURGXFWLRQ
 DQGFDQSURYLGHXVHIXO LQIRUPDWLRQRQ WLPH FRXUVHVRIUHOHDVH IURP VROLG
IRRG SURGXFWV DQGWKHLUUHODWLRQ WR SHUFHLYHGFKDQJHV 2YHUERVFK  3LJJRWW
DQG 6FKDVFKNH  2WKHU PHDVXUHPHQW WHFKQLTXHV WR VWXG\ GLIIHUHQFHV LQ
IODYRXUSHUFHSWLRQ LQYROYHSDLUHGFRPSDULVRQ GLIIHUHQFH WHVWV DQGUDQNLQJWHVWV
7KHVH WHVWV DOORZ GLVFULPLQDWLRQ EHWZHHQ FHUWDLQ VDPSOHV EDVHG RQ D VLQJOH
FULWHULRQJLYHQWRHDFKSDQHOOLVW3HUFHSWLRQVWXGLHVDUHLPSRUWDQWDV LWLVQRWRQO\
WKHUHOHDVHFKDUDFWHULVWLFVWKDWDUHRILQWHUHVWEXWWKH IDFW WKDWFRQVXPHUVDUHDEOH
WR GLIIHUHQWLDWH EHWZHHQDQ\ FKDQJHV It LV DOO YHU\ ZHOO PD[LPLVLQJ WKH UHOHDVH
IURP D V\VWHPEXWWKLV PD\QRW UHIOHFW WKH UHTXLUHGSURILOH WR JLYH WKH RSWLPXP
VHQVRU\UHVSRQVH
1.8 Aims and Objectives 
+\SRWKHVHV UHODWHG WR WKH GHJUHH RIDURPD FRPSRXQG GLVSHUVLRQ VXJJHVW WKDW
GLIIHUHQW IRRG PDWULFHV ZLOO EHKDYH LQ GLIIHUHQW ZD\V +LJKHU VFDOH PL[LQJ
UHTXLUHV D QXPEHU RIV\VWHPV WR EH GHYHORSHG ZKHUHE\ SK\VLFDO VHSDUDWLRQ RI
DURPD FRPSRXQGV LQWR GLVWLQFW UHJLRQV RIWKH PDWUL[ FDQ EH DFKLHYHG &DUULHU
VROYHQWV FDQ EH XVHG WR GLVSHUVH DURPD FRPSRXQGV E\ LQFUHDVLQJ WKHLU
VROXELOLWLHVLQWKHDTXHRXVSKDVHRIDPDWUL[7KLVSURYLGHVVHSDUDWLRQRQDKLJKHU
GHJUHHRIVFUXWLQ\ )LQDOO\ LQVRPH V\VWHPVSKDVHVHSDUDWLRQPD\RFFXUGXH WR
ORZDURPDFRPSRXQGVROXELOLW\HLWKHUHQJHQGHUHGE\ORZPRLVWXUHFRQWHQWRUE\
RWKHUSKDVHVHSDUDWLRQPHFKDQLVPV
7KHDLPRIWKLV ZRUNZDV WR VWXG\WKH HIIHFWV RIWKHVHGLIIHUHQW OHQJWKVFDOHVRI
DURPD GLVSHUVLRQ RQ WKH RYHUDOO PL[LQJ DQG VXEVHTXHQWO\ WR DVVHVV WKH UHOHDVH





$VVHVV WKH HIIHFWVRIGLIIHUHQWGLVSHUVLRQPHFKDQLVPVRQWKHGLVSHUVLRQ OHYHO RI
GHOLYHU\DQG VXEVHTXHQW UHOHDVH RID UDQJH RIDURPD FRPSRXQGV IURP GLIIHULQJ
IRRGPDWULFHV
6HYHUDOVHFRQGDU\REMHFWLYHVZHUHDOVRFRQVLGHUHG7KHVHDUHOLVWHGEHORZ7R
'HWHUPLQH VXLWDEOH PHWKRGV IRU DQDO\VLV IRU DURPD UHOHDVH DQG VXLWDEOH
SDUDPHWHUVIRUWHVWLQJRIVDPSOHV




'HWHUPLQH WKH HIIHFWV RIFDUULHU VROYHQW W\SH RQ DURPD UHOHDVH IURP PRGHO
FRQIHFWLRQHU\ V\VWHPV GXULQJ FRQVXPSWLRQ IRU D UDQJH RIDURPD FRPSRXQGV
EDVHGRQWKHLUSK\VLFRFKHPLFDOSURSHUWLHV
6WXG\ WKH UHOHDVH RI DURPD GURSOHWV IURP PRGHO V\VWHPV P FRPSDQVRQ WR




2 MATERIALS AND METHODS 
2.1 Materials 
2.1.1 Volatile Aroma Compounds 
7KH YRODWLOH DURPD FRPSRXQGV XVHG IRU DOO H[SHULPHQWV DUH GHWDLOHG LQ
7DEOH  &RPSRXQGV ZHUH REWDLQHG IURP 6LJPD$OGULFK *LOOLQJKDP 8.
$FURV 2UJDQLFV /RXJKERURXJK 8. )LVKHU 6FLHQWLILF /RXJKERURXJK 8. RU
)LUPHQLFK6$*HQHYD 6ZLW]HUODQG$OOYRODWLOHVZHUHDW OHDVWSXULW\DQG
ZHUH XVHG ZLWKRXW DQ\ IXUWKHU SURFHVVLQJ 3K\VLFRFKHPLFDO SDUDPHWHUV ZHUH
JHQHUDWHGXVLQJDJURXSFRQWULEXWLRQVRIWZDUHSDFNDJH(3,6XLWH(QYLURQPHQWDO
3URWHFWLRQ $JHQF\ 86$ 6WUDZEHUU\ IODYRXUV 7 DQG $ ZHUH
SURYLGHGE\)LUPHQLFK6$
2.1.2 Carrier Solvents 
&DUULHU VROYHQWV XVHG ZHUH GLVWLOOHG ZDWHU UHDJHQW JUDGH HWKDQRO JO\FHURO
)LVKHU6FLHQWLILF /RXJKERURXJK 8. SURS\OHQHJO\FRO DQGWULDFHWLQ$OGULFK
*LOOLQJKDP8.7KHFKHPLFDOVZHUH$&6UHDJHQWJUDGHRUKLJKHU
2.1.3 Other Non-volatile Compounds 
7KH UHPDPPJ QRQYRODWLOH FRPSRQHQWV XVHG DUH OLVWHG LQ 7DEOH  7KHVH




7DEOH  9RODWLOH $URPD &RPSRXQGV 3URSHUWLHV JHQHUDWHG XVLQJ D JURXS
FRQWULEXWLRQ VRIWZDUH SDFNDJH (3, 6XLWH (QYLURQPHQWDO 3URWHFWLRQ $JHQF\
86$ /RJ3UHSUHVHQWVWKHORJDULWKPRIWKHRFWDQROZDWHUSDUWLWLRQFRHIILFLHQWDQG
/RJ VROXELOLW\ LV WKH ORJDULWKPLF YDOXH RIWKH DTXHRXV VROXELOLW\ PJ I / RIHDFK
FRPSRXQG LQZDWHU
9RODWLOH&RPSRXQG 0ROHFXODU /RJ3 9DSRXU3UHVVXUH /RJ
:HLJKW PP+* 6ROXELOLW\
GLHWK\OS\UD]LQH    
GLPHWK\OS\UD]LQH    
$P\ODFHWDWH    
%XWDQRQH    
%XWDQDO    
&DUYRQH    
&LWUDO    
&\FORKH[DQH    
'LDFHW\O    
(WK\ODFHWDWH    
(WK\OEXW\UDWH    
(WK\OKH[DQRDWH    
(WK\ORFWDQRDWH    
(WK\OSHQWDQRDWH    
+H[DQH    
+H[DQDO    
+H[DQRQH    
+H[DQRO    
/LPRQHQH    
/LQDORRO    
0HQWKRIXUDQ    
0HWK\ODFHWDWH    
0HWK\OVDOLF\ODWH    
2FWDQRO    






&DUULHU6ROYHQW 0ROHFXODU 6XSSOLHU *UDGH /RJ3 6ROXELOLW\
:HLJKW PJ/
(WKDQRO  )LVKHU 5HDBJHQW  (
*O\FHURO  )LVKHU 5HDBJHQW  !O22(
3URS\OHQH*O\FRO  6LJPD 5HDBJHQW  !O22(
7ULDFHWLQ  $OGULFK $&6  (
:DWHU  QD 'LVWLOOHG  !O22(
7DEOH2WKHUQRQYRODWLOHSURGXFWVXVHG
&RPSRXQG 6XSSOLHU 6XSSOLHU$GGUHVV 7\SHRI
3URGXFW
&LWULFDFLG $OGULFK *LOOLQJKDP8. ,QJUHGLHQW
(OHFWULF%OXH )LUPHQLFK *HQHYD6ZLW]HUODQG &RORXUDQW
*HODWLQH *HODWLQHV &HGH[%HOJLXP *HOOLQJDJHQW
:HLVKDUGW
*OXFRVH6\UXS &DUJLOO 7LOEXU\(VVH[8. ,QJUHGLHQW
6ZHHWHQHUV




3RQFHDX5 )LUPHQLFK6$ *HQHYD6ZLW]HUODQG &RORXUDQW





6XFURVH %ULWLVK6XJDU 3HWHUERURXJK8. ,QJUHGLHQW
9DOHQFLD7*XP &DIRVD %DUFHORQD6SDLQ *XPEDVH
%DVH
;DQWKDQ*XP 5HG&DUQDWLRQ /DLQGRQ(VVH[ 7KLFNHQLQJ
*XPV DJHQW
<RJKXUW <HR9DOOH\ &DQQLQJWRQ6RPHUVHW ,QJUHGLHQW
8.
~ - c a r o t e n e e $OGULFK *LOOLQJKDP8. &RORXUDQW

&KDSWHU 0DWHULDOVDQG0HWKRGV
2.2 Sample Preparation 
2.2.1 Preparation of Solutions 
2.2.1.1 Solutions for Static Headspace Analysis 
)RUDTXHRXV VROXWLRQVDOLTXRWVRISXUHYRODWLOHFRPSRXQGPJ/ YROXPH
GHSHQGHQWRQFRPSRXQGZHUHSUHGLVVROYHGLQP/RIGLVWLOOHGZDWHUSULRUWR
DGGLWLRQ WR DQ JODVV (UOHQPH\HU IODVN JODVV ZDV XVHG WR UHGXFH WKH OHYHO RI
YRODWLOH ELQGLQJ DQG WKH VROXWLRQ PDGH XS WR  P/ )RU DGGLWLRQ XVLQJ FR
VROYHQWV WKH DURPD FRPSRXQGV ZHUH SUHGLVVROYHG LQ WKH VDPH YROXPHV 
P/   RIWKH DSSURSULDWH VROYHQW SULRU WR EHLQJ PDGH XS ZLWK GLVWLOOHG
ZDWHU WR D WRWDO VROXWLRQ RI P/ LQ D JODVV (UOHQPH\HU IODVN (DFK VROXWLRQ
FRQWDLQHG D PD[LPXP RIWZR YRODWLOH FRPSRXQGV WR UHGXFH WKH SUREDELOLW\ RI
YRODWLOHYRODWLOH LQWHUDFWLRQV LQ VROXWLRQ DQG DW WKH VRXUFH FRPSHWLWLRQ DV
GHPRQVWUDWHG LQ 6HFWLRQ 7KH DOLTXRWV ZHUH DGGHGDW YRODWLOH FRQFHQWUDWLRQV
VXFK WKDW WKH\ SURGXFHG JDV SKDVH FRQFHQWUDWLRQV ZKLFK JDYH VLPLODU LRQ
LQWHQVLWLHVZKHQPRQLWRUHGE\$3FL06 7KHVROXWLRQVZHUH VKDNHQIRU KRXUV
DW RVFLOODWLRQVPLQ XVLQJDQ6)7O )ODVN6KDNHU6WXDUW6FLHQWLILF5HGKLOO
8. DW & WR LQFUHDVH WKH HIIHFWLYHQHVV RIFRPSRXQGVROXELOLVDWLRQ 3RUWLRQV
RIVROXWLRQZHUHWKHQDGGHGWR6FKRWWERWWOHVIRUDQDO\VLV
2.2.1.2 Droplets in Solution 
'URSOHWV ZHUH LQLWLDOO\ VWXGLHG LQ VROXWLRQV KRZHYHU PRVW DURPD FRPSRXQGV
EHLQJOHVVGHQVHWKDQZDWHU UDSLGO\SURJUHVVHGWR WKHVXUIDFHRIWKHVROXWLRQDQG
YRODWLOL]HG LQWR WKHKHDGVSDFH 7KLV UDSLGPLJUDWLRQGLGQRWDOORZWKHVH V\VWHPV
WREHLQYHVWLJDWHGWKHUHIRUHDWKLFNHQHGVROXWLRQZDVGHYHORSHGWRUHVWULFWGURSOHW
PRYHPHQW ;DQWKDQ JXP 5HG &DUQDWLRQ *XPV /DLQGRQ (VVH[ 8. ZDV

&KDSWHU 0DWHULDOVDQG0HWKRGV
VHOHFWHGIRU LWV DELOLW\WR WKLFNHQVROXWLRQVDWUHODWLYHO\ORZFRQFHQWUDWLRQVDQGWR
LQFUHDVH VWDELOLW\RIHPXOVLRQVDQGVXVSHQGGURSOHWV 7KHVHSURSHUWLHV VXJJHVWHG
WKDW LW ZRXOG SURYLGH D VXLWDEOH PHGLXP WR UHVWULFW YRODWLOH FRPSRXQG GURSOHW





ZHLJKHG 7KH ZDWHU ZDV VWLUUHG DW  USP XVLQJ D SDGGOH VWLUUHU 6WXDUW
6FLHQWLILF 6WLUUHU66 SDGGOHGLDPHWHU PP WR SURGXFHDYRUWH[ ;DQWKDQ 
J ZDV DGGHG JUDGXDOO\ HQVXULQJ WKDW QR DJJUHJDWLRQV IRUPHG DQG WKDW WKH
[DQWKDQEHFDPHZHOO GLVSHUVHG 0L[HUVSHHGZDV DOWHUHGEHWZHHQ USP
DQG VWLUUHGIRU DIXUWKHUKRXUV WR HQVXUHFRPSOHWHPL[LQJ $IWHUWZRKRXUV WKH
EHDNHU FRQWDLQLQJ WKH VROXWLRQ ZDV UHZHLJKHG WKH ZHLJKW RI WKH EHDNHU
VXEWUDFWHGDQGWKHILQDO VROXWLRQPDGHXSWR JE\DGGLWLRQRIWKHQHFHVVDU\
TXDQWLW\ RIGLVWLOOHG ZDWHU 7KH VROXWLRQ ZDV WKHQ VWLUUHG DJDLQ IRU D IXUWKHU 
PLQXWHV 6DPSOHGLOXWLRQXVHGJRIWKH [DQWKDQVWRFNVROXWLRQDQGWKH
GLOXWLRQ FRQGLWLRQV VKRZQ LQ7DEOH  2QFH GLOXWLRQV ZHUH PDGH WKH VDPSOHV
ZHUHDJLWDWHGIRU DIXUWKHU PLQXWHVXVLQJDUROOHUPL[HUWR PDNH VXUH WKDWWKH
VDPSOHVZHUHIXOO\PL[HG 7KHVDPSOHVZHUHUHIULJHUDWHGDW&DIWHUPL[LQJWR
UHGXFHJURZWKRIPLFURRUJDQLVPV













'URSOHWV RIYRODWLOH FRPSRXQG (1 -OO ODEHOOHG ZLWK ~ - c a r o t e n e e $OGULFK ZHUH
LQMHFWHG LQWR  P/ RI   [DQWKDQ VROXWLRQV WR D GHSWK RI PP LQ D
JODVV WHVWXEHSULRUWR FRQVXPSWLRQ ,QMHFWLRQRIGURSOHWVZDV DVVHVVHGLQDUDQJH
RI[DQWKDQFRQFHQWUDWLRQVWRGHYHORSDV\VWHPZKHUHE\PRYHPHQWZDVUHVWULFWHG
WR D PLQLPDO H[WHQW LH WKH GURSOHWZDV UHWDLQHG LQ VROXWLRQ ORQJHQRXJK IRU in 
vivo DQDO\VLVWRRFFXU
2.2.2 Preparation of Gelatine-Sucrose Gel Samples 
2.2.2.1 Gel Preparation 
7KH JHODWLQHVXFURVH JHOV ZHUH SUHSDUHG E\ SUHVRDNLQJ  J RI JHODWLQH
*HODWLQHV:HLVKDUGWV 7\SH$  %ORRP LQ P/RIGLVWLOOHGZDWHUIRU 
PLQXWHV DW URRP WHPSHUDWXUH $ VXJDU V\UXS FRQWDLQLQJ  J RI VXFURVH
GLVVROYHG LQ  P/ RIZDWHU ZDV SUHSDUHG DQG WKHQ  J RIJOXFRVH V\UXS
&DUJLOO 6ZHHWHQHUV  '( ZDV DGGHG 7KH V\UXS ZDV KHDWHG WR & DQG
VWLUUHG WR DFKLHYH FRPSOHWH GLVVROXWLRQ LW ZDV WKHQ FRROHG WR & DQG WKH
JHODWLQHVROXWLRQZDVDGGHGDQGVWLUUHGLQ &LWULFDFLG J GLVVROYHGLQP/RI
ZDWHUDQGWKHQDGGHG
7R SUHSDUH JHOV ZLWK VROXELOLVHG DURPD FRPSRXQGV DOLTXRWV  J RIWKH KRW
JHODWLQHVXFURVH DFLG & ZHUH ZHLJKHG RXW DQG WKH DSSURSULDWH YRODWLOH
FRPSRXQGZDV DGGHGDW WKLV VWDJHDQG VWLUUHGWKURXJKRXWWKH JHO IRU DSHULRGRI
DW OHDVW VHFRQGV 7KHKRW OLTXLGZDV WKHQSRXUHGLQWR DQ DOXPLQLXPWUD\ WR D
GHSWK RI PP DQG DOORZHG WR VHW IRU  KRXU DW & DQG WKHQ UHIULJHUDWHG
RYHUQLJKWDW&WR DOORZIXOO JHODWLRQWR RFFXU 6DPSOHVZHUHFRYHUHGWR UHGXFH
GHK\GUDWLRQ *HO VDPSOHVZHUHFXWLQWR FXEHVXVLQJDNQLIH  PP[ PP[
PP ~ 7 7 g). 

&KDSWHU 0DWHULDOVDQG0HWKRGV
2.2.2.2 Preparation of Layered Gel Samples 
*HODWLQHVXFURVH JHOV   ZHUH SUHSDUHG DV SHU WKH DIRUHPHQWLRQHG SURWRFRO
H[FHSW TXDQWLWLHV DGGHG ZHUH RQHTXDUWHU RI WKRVH PHQWLRQHG DERYH 7KLV
DOORZHGSURGXFWLRQRIDOD\HURIJHODWLQHVXFURVHJHO ZKLFKKDGDWKLFNQHVVRI
PP9RODWLOHFRPSRXQGVPJ/ GLVVROYHGLQSURS\OHQHJO\FROLQ
WKH ILQDO JHO ZHUH VWLUUHG LQWR WKH KRW JHO SULRU WR JHODWLRQ IRU D SHULRG RI
VHFRQGV WR HQVXUHFRPSOHWHPL[LQJ )RRGFRORXUDQW -/ 6XSHUFRRN/HHGV
UK) ZDVDGGHGWR WKHJHO WR GLVWLQJXLVKEHWZHHQWKH OD\HUVDQGLOOXVWUDWHWKDWQR
PL[LQJRIOD\HUVRFFXUUHGJUHHQIRU IODYRXUHG OD\HUV UHGIRUXQIODYRXUHG OD\HUV
FRORXUDQWZDV QRW DGGHG IRU VDPSOHV WR EH XVHG IRU VHQVRU\ WHVWLQJ WR SUHYHQW
ELDVLQJ WKH SDQHOOLVWV *HO VDPSOHV ZHUH DOORZHG WR VHW IRU QR OHVV WKDQ 
PLQXWHV DW& WR HQVXUH JHODWLRQ 7KH VXEVHTXHQW OD\HUZDV WKHQDGGHGWR WKH
VXUIDFHRIWKHSUHYLRXVO\VHWJHOZKHQWKHPL[WXUHKDGFRROHGWR & WR UHGXFH
LQWHUIDFLDOPHOWLQJRIWKHVHWJHO$Q\YRODWLOHFRPSRXQGVRUVROYHQWVZHUHPL[HG
LQSULRUWR WKH OD\HULQJRIWKHJHO 6DPSOHVZHUHSURGXFHGZLWKFRPELQDWLRQVRI
IODYRXUHG DQG XQIODYRXUHG OD\HUV 7KHVH DUH GHVFULEHG LQ 7DEOH  DQG D












6DPSOH 'HVFULSWLRQ $UUDQJHPHQWRI 7KLFNQHVVRI
/D\HUV HDFK/D\HU
(mm) 
 $JHOZLWKRXWDQ\OD\HUV 2QHIODYRXUHGOD\HU 
9RODWLOHVKRPRJHQRXVO\ RQO\
GLVSHUVHGWKURXJKRXW




























$OWHUQDWLYHJHO VDPSOHVZHUHDOVRSURGXFHGZLWKDQG OD\HUV IRUFRPSDULVRQV








SUHYLRXVO\ ZLWK WKH H[FHSWLRQ WKDW WKH WKLFNQHVV RIWKH OD\HUV YDULHG 7KH RQH
OD\HU VDPSOH ZDV SURGXFHG DV SHU WKH VWDQGDUG JHODWLQHVXFURVH JHO UHFLSH DV








)LJXUH  6FKHPDWLF RI'LIIHUHQW/D\HUHG *HODWLQH6XFURVH *HO 6DPSOHV $URPD
GLVSHUVHGWKURXJKRXWJUHHQOD\HUVUHGOD\HUVFRQWDLQQRYRODWLOHFRPSRXQGV)URP
OHIWWRULJKWVDPSOHVDUHDQGOD\HUV
2.2.2.3 Addition of Volatiles in Solvents 
3XUHYRODWLOHVZHUHGLVVROYHGLQP/RIWKHDSSURSULDWHVROYHQWDWFRQFHQWUDWLRQV




ZHUHGLVWLOOHGZDWHU JO\FHURO HWKDQRO DQGSURS\OHQHJO\FRO *HOV ZHUHSUHSDUHG
DV SHU 6HFWLRQ  7KH VROYHQWYRODWLOH PL[WXUH ZDV DGGHG WR WKH KRW
JHODWLQHVXFURVH VROXWLRQSULRU WR JHODWLRQ DQG ZDV VWLUUHG LQ IRU DSHULRG RI
VHFRQGV 7KH VROYHQWV ZHUH SUHVHQW DW  % ZLWKLQ WKH ILQDO JHO 6HWWLQJ DQG
VDPSOHSRUWLRQVRIWKHJHOVZDVDVSHUVHFWLRQ
2.2.2.4 Addition of Volatiles as Droplets 
7R YLVXDOL]HYRODWLOHFRPSRXQGV DGGHG DV GURSOHWV WKH\ZHUH FRORXUHG ZLWK 3
FDURWHQH  PJ GLVVROYHG LQ SXUH DURPD FRPSRXQG  P/ )RU VROXELOLVHG
VDPSOHV SURS\OHQH JO\FRO ZDV XVHG DV D FDUULHU VROYHQW WR LQFUHDVH YRODWLOH
FRPSRXQG VROXELOLW\  % SURS\OHQH JO\FRO LQ ILQDO JHO 9RODWLOH FRPSRXQGV
ZHUH DGGHG WR JLYH D FRQFHQWUDWLRQ LQ WKH JHO RI PJ /1• )RU JHO VDPSOHV
FRQWDLQLQJ GURSOHWV  J RIKRW JHODWLQHVXFURVHDFLG ZDV ZHLJKHG RXW DQG
VWLUUHG IRU  VHFRQGV WR HQVXUH WKH VDPH WUHDWPHQW DV WKH VROXELOLVHG VDPSOH
LQFOXGLQJ   SURS\OHQH JO\FRO 7KH JHO ZDV SRXUHG RXW RQWR DQ DOXPLQLXP
WUD\ DQG DOORZHG WR FRRO IRU  PLQXWHV EHIRUH WKH GURSOHWV ZHUH LQMHFWHG
'URSOHWVZHUHLQMHFWHGDWWKLV VWDJHDV WKLVZDV IRXQG WREHWKHRSWLPXPSRLQWDW
ZKLFKGURSOHWVZHUHUHWDLQHGDWWKHLQMHFWLRQVLWHLQWKHJHO6HFWLRQ )LJXUH
 VKRZVDVFKHPDWLFUHSUHVHQWDWLRQRIWKHVDPSOHVZLWKGURS  -/ GURSV
 ~ - t L L I GURS DQGGURSV ~ - t L L I GURS *HOVZHUHWKHQDOVR DOORZHGWR VHW
IRUDIXUWKHUPLQXWHVDW&EHIRUHEHLQJUHIULJHUDWHGRYHUQLJKWDW&
• • • 
• •  • 








JHODWLQHVXFURVH JHO SUHSDUDWLRQ ZLWK WKH H[FHSWLRQ WKDW WKH JHODWLQH SKDVH ZDV
QRW DGGHG 7KLV DOORZHGDFRPSDULVRQWR WKH JHO VDPSOHVZLWKRXWWKH VHWWLQJRI
WKH V\VWHPHQJHQGHUHGE\ WKH SUHVHQFH RIWKH JHODWLQH 2QFH FRROHG WKH VXJDU
ULFK VROXWLRQ ZDV SRXUHG LQWR VHDOHG 6FKRWW ERWWOHV DQG VWRUHG DW & 7KLV
VROXWLRQ ZRXOGEHWWHUPLPLF WKH SURFHVV RISDUWLWLRQ LQ WKH PRXWK DV WKH DURPD
UHOHDVH IURP WKH JHOV ZRXOGEH GHSHQGHQW RQ WKH GLVVROXWLRQ DQGPHOWLQJRIWKH
VDPSOHV LQ PRXWK 7KHUHIRUH XQOLNH WKH DTXHRXV VDPSOHV WKH VXJDU PL[WXUH
ZRXOGJLYH DEHWWHU LQGLFDWLRQRISDUWLWLRQ LQ PRXWKZLWKRXW WKH SUHVHQFH RIWKH
JHOOLQJDJHQW
2.2.4 Preparation of Chewing Gum Samples 
&KHZLQJJXP VDPSOHV ZHUH SURGXFHGE\SUHKHDWLQJDPL[HUWR & DQG WKHQ
DGGLQJ  J JXP EDVH 9DOHQFLD ZKLFK ZDV DOORZHG WR PHOW IRU  PLQXWHV
2QFHWKHJXPEDVHKDGEHJXQWRPHOW WKHPL[HUZDVVWDUWHGDQGWKHPROWHQJXP
EDVHPL[HGIRUPLQXWHV*OXFRVHV\UXS J  '(ZDVDGGHGDQGWKHKHDW
ZDV UHPRYHG 6XFURVH  J DQGJRIJO\FHULQHZDV DGGHGDQGPL[HG IRU D
IXUWKHU   PLQXWHV IROORZHG E\DQRWKHU  JRIVXFURVH DQG IXUWKHU PL[LQJ
IRUPLQXWHV )LQDOO\ IODYRXULQJ  P/ FRORXULQJ P/ DQGFLWULFDFLG J
ZHUHDGGHGDQGPL[HGIRUIXUWKHUPLQXWHV
7ZRSRUWLRQVRIJXPPL[WXUHZHUHSURGXFHGZLWKRQH VHWIODYRXUHG VWUDZEHUU\
IODYRXU 7 DQG WKH VHFRQGVHW OHIWXQIODYRXUHG 5HG FRORXULQJ 3RQFHDX
5 ZDV DGGHG WR WKH IODYRXUHG JXP DQG EOXH FRORXULQJ (OHFWULF %OXH WR WKH
XQIODYRXUHG JXP VXFK WKDW WKH IODYRXUHG DQG XQIODYRXUHG OD\HUV FRXOG EH
GLVWLQJXLVKHG7KHWZROD\HUVZHUHUROOHGWRJHWKHUXVLQJDSDVWU\VKHHWHU5ROOIL[




SURGXFHG E\ FXWWLQJ DQG UROOLQJ WR SURGXFH   DQG  OD\HUV )LQDO VDPSOHV
ZHUHFXWWRPP[PP[  PP ,QWKLVPHWKRGWKHVDPSOHVZLWKRQO\RQH
OD\HUDOO IODYRXUKDGGRXEOHWKHDURPDFRQFHQWUDWLRQRIWKHRWKHUVDPSOHV
 3UHSDUDWLRQRI<RJKXUW6DPSOHV
2.2.5.1 Stirred Yoghurts 
)UXLWFRPSRWH$SSOHDQG6WUDZEHUU\<HR9DOOH\8.ZDV VWUDLQHGWR UHPRYH
DQ\ SLHFHV RIIUXLW XVLQJ D VLHYH  /,' SRUH VL]H 1DWXUDO \RJKXUW  P/
<HR9DOOH\UK- IDW FRQWHQW RR ZDVDGGHGWRDSODVWLFSRWDQGP/RIWKH
VWUDLQHGFRPSRWHZDVDGGHGWR WKHVXUIDFH ,QLWLDO VDPSOLQJRIFRPSRWHRQDIXOO
VFDQ XVLQJ WKH $3FO06 JDYH QR VLJQLILFDQW LRQ FRQFHQWUDWLRQV 6WUDZEHUU\
DURPD $ )LUPHQLFK 6$ ZDV GLVVROYHG LQ SURS\OHQH JO\FRO  P/ LQ
 mL) DQG D  P/ DOLTXRW DGGHG WR ERRVW WKH LRQ FRQFHQWUDWLRQ ZLWK
FKDUDFWHULVWLF LRQFRQWULEXWLRQV IURP HVWHUV DW DQG <RJKXUWDQGFRPSRWH
ZHUHVWLUUHGDWUSP<HOORZOLQH267%DVLFZLWKDVSHFLDOO\GHVLJQHGVWLUULQJ
EODGH ZKLFK ILWWHG WKH GLPHQVLRQV RIWKH SRWXVHG <RJKXUWZDV VWLUUHG IRU 
          DQG  VHFRQGV ZLWK D FRYHU WR
UHGXFH YRODWLOH ORVV +HDGVSDFH VDPSOHV ZHUH DOVR SURGXFHG WR DQDO\VH WKH
SDUWLWLRQEHKDYLRXURIWKHVDPSOHV
2.2.5.2 Static Mixer System 
$ VWDWLF PL[HU V\VWHP ZDV GHYHORSHG XVLQJ .HQLFV PL[HU EODGHV VXFK WKDW D
GHILQHGOHYHORIPL[LQJFRXOGEHHVWDEOLVKHG7ZRVWRFNVDPSOHVRI\RJKXUW/
ZHUH SURGXFHG 2QH VDPSOH KDG YRODWLOH FRPSRXQGV OLPRQHQH DQG PHWK\O
DFHWDWH GLVVROYHG LQ SURS\OHQH JO\FRO DGGHG WR LW <RJKXUW $ 7KH YRODWLOHV

&KDSWHU 0DWHULDOVDQG0HWKRGV
ZHUH DGGHGDW  PJ/ DQG PJ/ LQ ILQDO / VDPSOH UHVSHFWLYHO\ WR D
VROXWLRQ FRQWDLQLQJ P/ SURS\OHQH JO\FRO DQG  P/RIGLVWLOOHG ZDWHU 7KLV
IODYRXULQJ PL[WXUH ZDV DGGHG WR WKH \RJKXUW  P/ DQG VWLUUHG IRU 




IRU WKH WZR VDPSOHV 0L[LQJ HOHPHQWV FRQWDLQLQJ   DQG  EODGHV ZHUH
SODFHG LQWR WKH PL[HU WXEH <RJKXUW $ DQG <RJKXUW % ZHUH WKHQ SXPSHG
VLPXOWDQHRXVO\ DW  P/ PLQ XVLQJ D &ROH3DOPHU0DVWHU)OH[ /6 WZLQ (DV\
/RDG ,, SXPS KHDG SHULVWDOWLF SXPS LQWR WKH VWDWLF PL[HU WHVW ULJ DV VKRZQ LQ
)LJXUH  %RWK \RJKXUW $ DQG \RJKXUW % ZHUH WKHQ EOHQGHG WRJHWKHU WR
LQYHVWLJDWH WKH GHJUHH RIPL[LQJ EHIRUH UHDFKLQJ WKH VDPSOLQJ VHFWLRQ ZKHUH
VDPSOHVRIWKHEOHQGHG\RJKXUWZHUHFROOHFWHG7KHYDOYHVZHUHFORVHGHYHU\
VHFRQGV DQG WKH VDPSOLQJ VHFWLRQ ZKLFK ZDV ILOOHG ZLWK WKH EOHQGHG \RJKXUW
ZDV UHPRYHG &OLQJILOP ZDVXVHGWRUHWDLQWKHEOHQGHG\RJKXUWLQWKH VDPSOLQJ
VHFWLRQ WXEH <RJKXUWV$DQG%ZHUHEOHQGHGWR DVVHVV WKH HIILFLHQF\RIPL[LQJ
XVLQJWKH VWDWLFPL[HUZLWKFRORXUDQWWR REVHUYHWKHPL[LQJSDWWHUQDQGDURPDWR
PHDVXUHWKHHIIHFWVRQUHOHDVHin vivo. 
7KH VDPH SURWRFRO ZDV FDUULHG RXW DW %LUPLQJKDP 8QLYHUVLW\ WR PHDVXUH WKH
PL[HGQHVVRIWKHVDPSOHV7KHRQO\H[FHSWLRQZDVWKDWLQ<RJKXUW$WKHYRODWLOH
FRPSRXQGV LQ SURS\OHQH JO\FRO ZHUH VXEVWLWXWHG ZLWK EODFN IRRG FRORXULQJ
6XSHUFRRN DQG WKH SURS\OHQH JO\FRO LQ <RJKXUW % ZLWK ZDWHU ,Q WKLV
H[SHULPHQW FRORXUHG \RJKXUW DQG XQFRORXUHG \RJKXUW ZHUH EOHQGHG ODPLQDUO\




















$ FDOLEUDWLRQ ZDV SHUIRUPHG XVPJ VDPSOHV ZLWK NQRZQ TXDQWLWLHV RI IRRG
FRORXULQJ SUHSDUHG E\ PL[LQJ NQRZQ TXDQWLWLHV RI<RJKXUW $ DQG <RJKXUW %
ZLWK WKH .HQZRRG)RRG0L[HU +0 IRU  PLQXWHV DW  : 7KHPL[HG
VDPSOHV ZHUH PHDVXUHG LQWR VDPSOLQJ VHFWLRQ WXEHV DQG IUR]HQ DW & LQ WKH
IUHH]HURYHUQLJKW
2.2.6 Preparation of Boiled Sweet Samples 
$ VXFURVH  J JOXFRVH V\UXS  J ZDWHU  J VOXUU\ZDV SURGXFHG
DQG KHDWHG VORZO\ ZKLOVW VWLUULQJ WR HQVXUH WRWDO GLVVROXWLRQ 7KH VOXUU\ ZDV
KHDWHG WR & WDNLQJ FDUH WR DYRLG VSODVKLQJ VROXWLRQ RQWR WKH VLGHV RIWKH
FRQWDLQHU $W & WKHSDQZDV UHPRYHG IURP WKH KHDWDQGDOORZHGWR FRRO WR
&ZKHQWKHFLWULFDFLG JDQGIODYRXULQJ6HFWLRQZHUHVWLUUHGLQ





9RODWLOH FRPSRXQGV ZHUH GLVVROYHG LQ WKH FDUULHU VROYHQWV ZDWHU SURS\OHQH
JO\FRO RU HWKDQRO  LQWRWDO VDPSOH WR D ILQDO FRQFHQWUDWLRQ RI PJ /
7KHFRPSRXQGVROYHQWPL[WXUHZDVDGGHGDVWKHIODYRXULQJVHHDERYH
2.2. 6.2 Droplets 
9RODWLOH FRPSRXQGV ZHUH HLWKHU GLVVROYHG LQ SURS\OHQH JO\FRO   LQ WRWDO
VDPSOHRULQMHFWHGDVGURSOHWVIRUDILQDOFRQFHQWUDWLRQRIPJ/ ,QWKHFDVH
RIGLVSHUVHG DURPD  -/ ZDV GLVVROYHG LQ  P/ RISURS\OHQH JO\FRO DQG
GLVSHUVHG LQ  JRIERLOHGVZHHWPL[WXUH 'URSOHWVRISXUHYRODWLOH FRPSRXQG
(1 -/ ODEHOOHG ZLWK ~ - c a r o t e n e ) ) ZHUH LQMHFWHG RQFH WKH VDPSOH KDG FRROHG WR
&
2.2. 7 Sensory Examination of Intensity of Release from Gelatine-
Sucrose Gels 
7KLUW\ XQWUDLQHG SDQHOOLVWV DJHG  ZLWK VRPH SUHYLRXV NQRZOHGJH LQ WKH
XVH RIVHQVRU\ VWXGLHV ZHUH UHFUXLWHG IURP WKH )RRG 6FLHQFHV 'LYLVLRQ ,Q D
3DLUHG&RPSDULVRQ7HVW WZR VDPSOHVZHUH SUHVHQWHG WR WKH SDQHOOLVWV DQG WKH\
ZHUH LQVWUXFWHGWR FRQVXPHHDFKVDPSOHLQLWV HQWLUHW\ LQWKHSUHVHQWDWLRQRUGHU
DQG WR QRWH WKH VDPSOHZLWKWKH VWURQJHVWRYHUDOO IODYRXU LQWHQVLW\ 7KH VDPSOHV
ZHUH FRGHG ZLWK  GLJLW UDQGRP FRGHV DQG ZHUH UDQGRPL]HG XVLQJ WKH )L]]




2.2. 7.1 Droplet Samples 
$ SDLUHG FRPSDQVRQ WHVW ZDV FDUULHG RXW IRU WZR DURPD FRPSRXQGV HWK\O
EXW\UDWH DQGOLPRQHQH 7KH WZR VDPSOHV FRPSDUHGZHUH GURS DJDLQVWGURSV
RIYRODWLOHVDQG WKHSDQHOOLVWVZHUH DVNHGWR QRWH WKH VDPSOHVZLWK WKH VWURQJHVW
RYHUDOO IODYRXU LQWHQVLW\ 9RODWLOH GURSOHWV ZHUH QRW ODEHOOHG LQ WKLV FDVH WR
SUHYHQWLQIOXHQFLQJWKHSDQHOOLVWV
 UHVSRQVH
2.2. 7.2 Layered Samples 
$ SDLUHG FRPSDULVRQ WHVW ZDV FDUULHG RXW IRU WZR DURPD FRPSRXQGV PHWK\O
DFHWDWH DQG OLQDORRO EDVHG RQ SUHYLRXV FRPPHQWV IURP SDQHOOLVWV LQYROYHG LQ
EUHDWKE\EUHDWK DQDO\VLV 6DPSOH FRPSDULVRQ ZDV PDGH EHWZHHQ VDPSOHV
IODYRXUHG LQDOO  OD\HUV DQGIODYRXUGLVSHUVHGLQRQO\RIWKH OD\HUV  DQG




Â9RODWLOH DQDO\VLV ZDV SHUIRUPHG XVPJ DQ $WPRVSKHULF 3UHVVXUH &KHPLFDO
,RQLVDWLRQ 0DVV 6SHFWURPHWHU $3FL06 7KH NH\ IHDWXUH RIWKLV WHFKQLTXH LV
WKHDELOLW\WRPHDVXUHWKHFRQFHQWUDWLRQVRIFRPSRXQGVLQDJDVHRXVSKDVHEDVHG
RQ WKH PDVV WR FKDUJH UDWLR RIWKH LRQV RYHU D VHOHFWHG WLPH SHULRG UHDO WLPH
PRQLWRULQJ $V FKHPLFDO LRQLVDWLRQ LV D 
VRIW
 LRQLVDWLRQ WHFKQLTXH IHZ
IUDJPHQWV DUH SURGXFHGDQG VXEVHTXHQWO\PRVW FRPSRXQGV FDQEH PHDVXUHGDV
WKHLU SRVLWLYH LRQ 0+I )XUWKHU GHVFULSWLRQ RQ OLPLWDWLRQV DQG DVSHFWV RI

&KDSWHU 0DWHULDOVDQG0HWKRGV
$3FO06 DQDO\VLV DUH GHVFULEHG LQ 6HFWLRQ  9RODWLOH FRPSRXQGV LQ WKH JDV
SKDVH ZHUHGUDZQ LQWR WKH VRXUFHYLDDKHDWHGWUDQVIHUOLQH &E\ZD\ RID
1 YHQWXUL IORZ $W WKLV VWDJH WKH YRODWLOH FRPSRXQGV LQ WKH JDV SKDVH ZHUH
VXEMHFWHGWR LRQLVDWLRQE\DFRURQDGLVFKDUJHN9DQGZHUHWKHQVDPSOHGLQWR
WKH KLJK YDFXXP UHJLRQ RIWKH PDVV VSHFWURPHWHU 7KH $3FL06 ZDV VHWXS WR
PRQLWRULQ 6HOHFWLYH,RQ0RQLWRULQJ0RGH6,0DQGWRSURGXFH0+ LRQVZLWK
PLQLPDO IUDJPHQWDWLRQ 7KLV PRGH DOORZHG VSHFLILF LRQ LQWHQVLWLHV WR EH
PHDVXUHG DV ZHOO DV WKH FKDQJH LQ WKHVH LRQV RYHU WLPH &DOLEUDWLRQV ZHUH
SHUIRUPHG LQ RUGHU WR FRQYHUW WKH GDWD WR DFWXDO LRQ FRQFHQWUDWLRQV PJ P




2.3.1.1 Static Equilibrium Headspace Analysis by Atmospheric Pressure 
Chemical Ionisation Mass Spectrometry (APcl-MS) 
9ROXPHVRIVROXWLRQ  P/ ZHUHSODFHGLQ VHDOHG 6FKRWWERWWOHVZLWK DGDSWHG
OLGV DQG DOORZHG WR HTXLOLEUDWH IRU DW OHDVW  KRXUV DW & 6HFWLRQ  7KH
KHDGVSDFH P/ZDVVDPSOHGLQWRWKH$3FL06IRUDSHULRGRIDSSUR[LPDWHO\
 VHFRQGVDW DIORZ UDWH UDQJLQJEHWZHHQDQG  P/PLQ 1, GHSHQGLQJRQWKH
YRODWLOH FRPSRXQG EHLQJ DVVHVVHG 7KH ORZ IORZ UDWHV DVVRFLDWHG ZLWK WKLV
V\VWHP OHG WR OLWWOH GLVWXUEDQFH RIWKH KHDGVSDFH DERYH WKH VDPSOHV DQG WKXV
UHWDLQHGDQHTXLOLEULXPVLWXDWLRQ,QGLFDWLYHRIWKLV WKH LRQWUDFHVW\SLFDOO\VKRZ
DQ DOPRVW LPPHGLDWH LQFUHDVH LQ LRQ FRQFHQWUDWLRQ IROORZHG E\DSODWHDXSKDVH
IRU WKHGXUDWLRQRIWKHVDPSOLQJDQGDUDSLGGHFOLQHRQFHWKHVDPSOHLV UHPRYHG
















2.3.1.2 Dynamic Headspace Analysis by Atmospheric Pressure Chemical 
Ionisation Mass Spectrometry (APcl-MS) 
,Q D G\QDPLF VLWXDWLRQ WKH HTXLOLEULXPRIWKH V\VWHP LV QRWPDLQWDLQHGDQG WKLV
EHWWHUUHSUHVHQWVWKH FRQGLWLRQVOLNHO\WR H[LVWin vivo. 9ROXPHVRIVROXWLRQ (1 
P/ ZHUH SODFHG LQ VHDOHG JODVV 6FKRWW ERWWOHV $ OLG DGDSWHG IRU G\QDPLF
KHDGVSDFH PHDVXUHPHQWV ZDV ILWWHG DQG WKH KHDGVSDFH  P/ DERYH WKH
VROXWLRQZDV VZHSWZLWKDQLWURJHQ IORZ RIP/PLQ  $SRUWLRQRIWKLV IORZ
 P/PLQ 1) ZDV VDPSOHG LQWR WKH $3FL06 ZLWK DQ\ H[FHVV 12 SDVVLQJRXW
WKURXJKWKHRXWOHWWXEH)LJXUH
)RU JHO VDPSOHV D KLJKHU WHPSHUDWXUH DQG VRPH DJLWDWLRQ ZHUH UHTXLUHG WR
LQFUHDVH WKH UDWH RIGLVVROXWLRQ :DWHU  P/ ZDV PDLQWDLQHG DW & LQ D









1 )ORZ5DWHPOPLQ 1 











2.3.1.3 Breath-by-Breath Analysis by Atmospheric Pressure Chemical 
Ionisation Mass Spectrometry (APcl-MS) 
)RUEUHDWKE\EUHDWKDQDO\VLV WKH $3FL06ZLWK LWV DGDSWHG LQWHUIDFHZDV DJDLQ
XVHG )ORZUDWHVZHUHJHQHUDOO\KLJKHUP/PLQ1) GXH WR KLJKGLOXWLRQRI
WKH YRODWLOH FRPSRXQGV in vivo. 6,0 PRGH ZDV XVHG WR VWXG\ HDFK LQGLYLGXDO
YRODWLOH FRPSRXQGKRZHYHU DVKRUWHUGZHOO WLPHZDVXVHG 7KLVPHDQWWKDWWKH
LRQ LQWHQVLW\ ZDV VFDQQHG HYHU\  VHFRQGV IRU HDFK LRQ DV RSSRVHG WR 
VHFRQGV IRUKHDGVSDFHDQDO\VHV 7KLV DOORZHGPHDVXUHPHQWRIYRODWLOHUHOHDVH LQ

UHDO WLPH
 ZLWKRXW WKH GHOD\V LQYROYHG ZKHQ PHDVXULQJ KHDGVSDFH VDPSOHV

&KDSWHU 0DWHULDOVDQG0HWKRGV
$FHWRQH LRQ  ZDV PRQLWRUHG DV DQ LQGLFDWRU RIEUHDWKLQJ UDWH DQG DQ\
VZDOORZLQJ HYHQWV WKDW PD\ RFFXU /LQIRUWK et a!.  $FHWRQH LV SUHVHQW LQ
SDQHOOLVW
V H[KDOHGDLU DQG LV D UHVXOW RIIDWW\ DFLGPHWDEROLVPE\ WKH OLYHU 7KH
DFHWRQH GLVVROYHV LQWR WKH EORRGVWUHDP ZKHUH LW FLUFXODWHV WR WKH OXQJV DQG LV
SUHVHQW LQ WKH H[SLUHG DLU 3DQHOOLVWV ZHUH LQVWUXFWHG WR FRQVXPH WKH VDPSOHV
ZKLOVW H[KDOLQJ WKURXJK WKHLU QRVH LQWR D SODVWLF WXEH DWWDFKHG WR D 7SLHFH
ZKLFK ZDV FRQQHFWHGWR WKH $3FL06 WUDQVIHU OLQH 7KH RWKHU VHFWLRQRIWKH 7
3LHFH DOORZHG DQ\ H[FHVV DLU WR HVFDSH $ UDQJH RISURGXFWV UDQJLQJ IURP




VROXWLRQ  UQ/ ZDV WDNHQ LQWR WKH SDQHOOLVW
VPRXWK DQG VZDOORZHG 7KH ILUVW





$VSRRQIXO ~ 5 5 J RIVWLUUHG\RJKXUWZDV WDNHQIURP HDFKVDPSOHDQGWDNHQ LQWR
WKH PRXWKEHIRUHEHLQJVZDOORZHGZKLOVWH[KDOHGDLUZDV GUDZQ LQWR WKH$3FL
06 ZLWK D IORZ UDWH RI  P/ PLQ, $V SUHYLRXVO\ HVWDEOLVKHG WKH LRQV




WKH VWDLQOHVV VWHHO WXEHV LG  PP OHQJWK  PP 6DPSOHV ZHUH GUDZQ LQWR
WKH PRXWK IURP WKH WXEHV E\ WKH SDQHOOLVWV WKHLUQRVWULO SODFHGRQWR WKH WXELQJ
DWWDFKHGWRWKH$3FL06DQGWKHVDPSOHZDVWKHQVZDOORZHG7KH$3FL06ZDV
VHWXS LQ 6,0PRGH WR PRQLWRUIRU LRQV   DQG DWDIORZ UDWHRI P/
64 
&KDSWHU 0DWHULDOVDQG0HWKRGV
PLQ 7KUHHSDQHOOLVWVHDFKFRQVXPHGUHSOLFDWHVDPSOHVRIHDFKRI   
DQG1 PL[HUHOHPHQWVDPSOHV
Gels 
)RXUSDQHOOLVWVZHUH DVNHGWR FKHZWKH VDPSOHVZLWKWKHLUPRXWKV FORVHG IRU D
SHULRGRI VHFRQGVDQGWKHQ VZDOORZDQGWR FRQWLQXHEUHDWKLQJLQWR WKH$3FL
06 IRUDIXUWKHU  VHFRQGV(DFKSDQHOOLVWFRPSOHWHGWKUHHUHSOLFDWHVRIHDFKRI
WKH VDPSOHV 7KH YRODWLOHV IURP WKH H[KDOHG DLUZHUH VDPSOHG DW D IORZ UDWH RI
EHWZHHQ  DQG  P/ PLQ GHSHQGLQJ RQ WKH FRPSRXQG LQWR WKH $3FL06
VRXUFH0LFUR0DVV0DQFKHVWHU8.
Gums 




UHOHDVH 3DQHOOLVWVZHUH LQVWUXFWHGWR FKHZWKHJXPVDPSOHVIRU PLQXWHVZKLOVW





IRU WKH HQWLUH VDPSOH WR GLVVROYH 7KLV WLPHSHULRGZDV DSSUR[LPDWHO\PLQXWHV
DV DQ DYHUDJH IRU DOO RI WKH SDQHOOLVWV 'XULQJ WKH FRQVXPSWLRQ SHULRG WKH
SDQHOOLVWVZHUH LQVWUXFWHGWREUHDWKHQRUPDOO\DQGWR VZDOORZZKHQHYHUWKH\IHOW




2.3.1.4 'Ethanolic' System 
7KHSUHVHQFHRIHWKDQROLQ VDPSOHVKDVEHHQVKRZQWR LQIOXHQFHWKHLRQLVDWLRQRI
VRPHYRODWLOHDURPDFRPSRXQGVZKHQDQDO\VHGE\$3FL06$]QDUeta!. 
7KHUHIRUHDV\VWHPZDV VHWXS WR REVHUYHWKH LQIOXHQFHRIWKH FDUULHUVROYHQWVRQ
FRPSRXQGSDUWLWLRQZKHQHWKDQROZDVXVHGDVWKHVRXUFHLRQLVLQJJDV$VROXWLRQ
FRQWDLQLQJHWKDQRO )LVKHU6FLHQWLILF/RXJKERURXJK8.KDGDIORZRI1
EXEEOHG WKURXJK LW 7KLV SURGXFHG D FDUULHU JDV FRQWDLQLQJ HWKDQRO ZKLFK
VXEVHTXHQWO\DFWHGDV WKH FKDUJH WUDQVIHUPHGLXP 7KH IORZ UDWHRIWKH QLWURJHQ
ZDV DOWHUHG GHSHQGLQJ RQ WKH FRQFHQWUDWLRQ RIHWKDQRO UHTXLUHG DW WKH VRXUFH




















2.3.1.5 Droplet Injection System 
$V\VWHPWR PRQLWRUYRODWLOH UHOHDVH LQ DTXHRXV VROXWLRQVZDV HYROYHGEDVHGRQ
WKH G\QDPLF KHDGVSDFH WHFKQLTXH XVLQJ $3FL06 $ VFKHPDWLF RIWKH DOWHUHG
PHWKRGRORJ\ LV LQFOXGHG LQ )LJXUH  (VVHQWLDOO\ WKH 6FKRWWERWWOH FRQWDLQLQJ
P/RIVROXWLRQZDV LQYHUWHGDQGWKH WXELQJFDUU\LQJWKHJDV IORZV H[WHQGHG
WR WKH JDV SKDVH $ VSHFLDOO\ DGDSWHG OLG ZDV XVHG ZLWK WKH WZR LQOHWV IRU WKH
WXELQJ IRU JDV IORZV EXW DOVR DQ LQMHFWLRQ SRUW ZLWK D VHSWXP 7KLV DOORZHG D
GURSOHWRISXUHYRODWLOH FRPSRXQGWREH LQMHFWHG LQWR WKH VROXWLRQ 2ZLQJWR WKH
ORZGHQVLW\RIWKH FRPSRXQGV WKH\PLJUDWHGWR WKH VROXWLRQVXUIDFH IURP ZKHUH
WKH KHDGVSDFH ZDV PHDVXUHG 9RODWLOH FRPSRXQGV DV GURSOHWV VKRZHG KLJK
OHYHOV RIUHOHDVH ZKHQ G\QDPLF KHDGVSDFH IORZ UDWHV ZHUH XVHG 6HFWLRQ 
WKHUHIRUH D UHGXFWLRQ LQ12 IORZ UDWH WR  PO PLQ1 DQG DGHFUHDVH LQ GURSOHW
VL]HWR  -/ ZDVXVHG 7KHUHGXFHGGURSOHWVL]HZDVXVHGWR DFKLHYHGHWHFWLRQ

















'LVSHUVHG YRODWLOH FRPSRXQGV ZHUH DOVR DVVHVVHG XVLQJ WKLV VHWXS 9RODWLOH
FRPSRXQG  / ZDV DGGHG WR WKH  P/ RIVROXWLRQ DQG DJLWDWHG IRU 
PLQXWHVWRVROXELOLVHWKHFRPSRXQGV
2.3.2 Other Analyses 
2.3.2.1 Differential Scanning Calorimetry (DSC) 
'LIIHUHQWLDO 6FDQQLQJ&DORULPHWU\'6& LV DXVHIXO PHWKRGRORJ\WR LQYHVWLJDWH
WKH WKHUPRG\QDPLF SURSHUWLHV RIPDMRU IRRG FRPSRQHQWV '6& LV D FRPPRQO\
XVHG WHFKQLTXH IRU VWXG\LQJSKDVH WUDQVLWLRQV DQGZDV WKXV LGHDO WR DQDO\VH WKH
PHOWLQJ SRLQW RIWKH JHOV '6& H[SHULPHQWV ZHUH FDUULHG RXW XVLQJ D 3HUNLQ
(OPHU '6&  :DUULQJWRQ &KHVKLUH 8. XVLQJ WKH 3\ULV VRIWZDUH *HOV
FRQWDLQLQJ  % RIGLIIHUHQW FDUULHU VROYHQWV ZHUH DVVHVVHG WR FRPSDUH PHOWLQJ
WHPSHUDWXUHV$OXPLQLXPSDQVZLWKDSSUR[LPDWHO\± PJRIVDPSOHZHUH
WHVWHG )RUVFDQQLQJ'6& VDPSOHVZHUHKHDWHGZLWKLQ DUDQJH IURP  WR &
DWDUDWHRI&PLQ ZLWKQRUHUXQ6DPSOHVZHUHVWXGLHGLQGXSOLFDWH
2.3.2.2 Texture Analysis 
*HOV FRQWDLQLQJ  RIGLIIHUHQW FDUULHU VROYHQWV ZHUH DOVR DVVHVVHG WR REVHUYH
DQ\GLIIHUHQFHVLQWKHFRPSUHVVLELOLW\DQGIUDFWXUHRIWKHJHOVGXHWR WKHSUHVHQFH
RIWKH VROYHQWV 6DPSOHVZHUH WDNHQ IURP WKH IULGJH KRXUV SULRUWR WHVWLQJDQG
DOORZHGWR HTXLOLEUDWHWR URRPWHPSHUDWXUH& 3RUWLRQVRIJHOZHUHWKHQFXW
LQWRPPFXEHVWR PDWFKWKH VDPSOHVXVHGIRU in vivo H[SHULPHQWV$7$;7
7H[WXUH$QDO\VHU6WDEOH0LFUR 6\VWHPV*RGDOPLQJ8.ZLWKDNJ ORDGFHOO
DQG D  PP GLDPHWHU SUREH ZDV XVHG )UDFWXUH DQDO\VLV XVLQJ WKLV SUREH
VKRZHGWKDWQR IUDFWXUH RFFXUUHGLQ DQ\RIWKH VDPSOHV VWXGLHG &DOLEUDWLRQZDV
SHUIRUPHG XVLQJ D  NJ ZHLJKW 6DPSOHV ZHUH WHVWHG IRU FRPSUHVVLRQ DW D WHVW

&KDSWHU 0DWHULDOVDQG0HWKRGV
VSHHG RIPP VHF  IRU D GLVWDQFH RI PP ZLWK D IRUFH RI1 7KUHH
UHSOLFDWHV RIHDFK VDPSOH W\SH ZHUH SHUIRUPHG DQG WKH GDWD ZDV H[SRUWHG WR
0LFURVRIW([FHOIRUDQDO\VLV
.2.3.2.3 Image Analysis (work carried out by Vern Lee at Birmingham) 
,PDJH DQDO\VLV ZDV SHUIRUPHG WR DVVHVV WKH GHJUHH RIPL[LQJ RIWKH \RJKXUW
VDPSOHVSURGXFHGE\ WKH VWDWLFPL[HU 7KH IUR]HQ VDPSOHV ERWK IURP VHFWLRQ L
DQGLL ZHUH JHQWO\SXVKHGRXWRIWKH VDPSOLQJWXEHZKLOVWEHLQJVOLFHG)LJXUH
&URVVVHFWLRQDOLPDJHVRIWKHVOLFHGVDPSOHVZHUHWKHQWDNHQXVLQJDIODWEHG
VFDQQHUDQGDVDPSOHKROGHU
7KH LPDJHV VFDQQHGZHUH WKHQSURFHVVHGXVLQJ,PDJH3UR3OXV LQ JUH\VFDOH
RI ELW DQG D SL[HO FRQFHQWUDWLRQ RI  [  7KH FURVV VHFWLRQDO





ZKHUHN LV WKH WRWDO QXPEHURISL[HOV DQG Ci LV WKH ORFDO FRQFHQWUDWLRQ DW HDFK
SL[HO7KHYDULDQFHi, RIWKHPHDVXUHPHQWVZKLFKLQGLFDWHGWKHKRPRJHQHLW\RI
WKH PL[HGQHVV LH WKH H[WHQW WR ZKLFK WKH FRQFHQWUDWLRQ LQ YDULRXV UHJLRQV RI





$ VPDOO YDQDQFH LPSOLHG D KRPRJHQRXV V\VWHP 0D[LPXP YDQDQFH V
RFFXUUHG LIWKH VDPSOH LV FRPSOHWHO\ VHJUHJDWHGRUXQPL[HGDQGZDV FDOFXODWHG
DV
Equation 
,QWHQVLW\RIWKH PL[HGQHVV I, ZKLFK LQGLFDWHV WKH JRRGQHVV RIGLVWULEXWLRQ ZDV





S = f R(r)dr Equation 
Equation 
ZKHUH Ci(x) LV WKH FRQFHQWUDWLRQDW DSRLQWDQG Ci(x+r) LV WKH FRQFHQWUDWLRQDW D
QHDUE\ SRLQW R(r) UHSUHVHQWV WKH FRUUHODWLRQ RIWKH PL[HGQHVV RID UHIHUHQFH
SRLQWDUELWUDU\WRDQDUELWUDU\SRLQWVUGHQRWHWKHGLVWDQFHVEHWZHHQWZRSRLQWV




,Q WXP LIPL[HGQHVVFRQFHQWUDWLRQ RID UHIHUHQFH SRLQW LV YHU\ GLIIHUHQW IURP
DQRWKHU DELWUDU\ SRLQW LQ WKH V\VWHP WKH V\VWHP LV XQFRUUHODWHG DQG KHQFH
GHQRWHVVHJUHJDWLRQ
2.3.3 Sample Characterisation 
,Q RUGHUWR FRQILUPWKDWYRODWLOHFRQFHQWUDWLRQVLQWKHJHOVDPSOHVZHUHWKHVDPH
VDPSOHV RIHDFK SUHSDUDWLRQ W\SH ZHUH WDNHQ DQG GLVVROYHG LQ O/ RIGLVWLOOHG
ZDWHU DW & LQ D VHDOHG JODVV 6FKRWW ERWWOH 6DPSOHV ZHUH WKHQ DOORZHG WR
HTXLOLEUDWHDW&IRUKRXUVEHIRUHWKHKHDGVSDFHDERYHHDFKRIWKHVDPSOHV
ZDV PHDVXUHG 7KH KHDGVSDFH ZDV VDPSOHG IRU DSSUR[LPDWHO\  VHFRQGV DW D
IORZ UDWHRIP/PLQ  LQWR WKH $3FO06 LQWHUIDFH &RQHYROWDJHDQG LRQPDVV
PRQLWRUHG DJDLQ GHSHQGHGRQ WKH FRPSRXQGEHLQJDQDO\VHG &DOLEUDWLRQRIWKH
VDPSOHVZDVFDUULHGRXWDVSUHYLRXVO\PHQWLRQHG7KHFDOLEUDWLRQRIWKHGDWDZDV
FDOFXODWHG E\ VXEWUDFWLQJ WKH EODQN KH[DQH VWDQGDUG IURP WKH NQRZQ
FRQFHQWUDWLRQRIYRODWLOHFRPSRXQG+H[DQHZDVXVHGDV WKHFDOLEUDQWGXH WR WKH
KLJK VROXELOLW\ RIPRVW DURPD FRPSRXQGV LQ KH[DQH EXW LWV VXEVHTXHQW ORZHU
SURWRQDIILQLW\DOORZHGWKH LRQL]DWLRQRIWKHDURPDFRPSRXQGLRQVDW WKHVRXUFH
7KLV FDOLEUDWLRQ ZDV XVHG WR FDOFXODWH WKH FRQFHQWUDWLRQ RIYRODWLOH FRPSRXQGV
PJDURPDSHUP DLUGHWHFWHGIRUHDFKVDPSOH
2.4 Data Processing 
2.4.1 APci-MS 
'DWDZDVSURFHVVHGXVLQJ0DVV/\Q[Y0LFURPDVV/WG0DQFKHVWHU8.
~ d c 2 0 0 0 0 &XVWRP VRIWZDUH IRU $SFO06 DQDO\VLV DQG 0LFURVRIW ([FHO




WR UHPRYH YDULDWLRQ RQ WKH < D[LV 7KLV LV DOVR RI LPSRUWDQFH DV WKH PDLQ
GLIIHUHQFHV REVHUYHG DUH LQWHU UDWKHU WKDQ LQWUDSDQHOOLVW DQG QRUPDOLVLQJ DOVR
DOORZVFRPSDULVRQEHWZHHQGLIIHUHQWSDQHOOLVWV
2.4.2 Calculation of Physico-chemical Parameters 
3K\VLFRFKHPLFDO SDUDPHWHUV RIWKH FRPSRXQGV ZHUH FDOFXODWHG XVLQJ D JURXS
FRQWULEXWLRQ VRIWZDUH SDFNDJH (3, 6XLWH 86 (QYLURQPHQWDO 3URWHFWLRQ
$JHQF\& 6\UDFXVH5HVHDUFK&RUSRUDWLRQ 65& 86$ ZKLFKEDVHGLWV YDOXHV
RQ FKHPLFDO VWUXFWXUHV DV ZHOO DV FRQWDLQLQJ UHIHUHQFH YDOXHV IRU VRPH
SDUDPHWHUV
2.4.3 Experimental Design 
'HVLJQ ([SHUW Y 6WDW(DVH ,QF 0LQQHDSROLV 86$ ZDV XVHG WR GHVLJQ
H[SHULPHQWV VXFKWKDW WKH V\VWHPSURYLGHGDUHSUHVHQWDWLYH VDPSOH DQG DUREXVW
GDWDVHW
2.4.4 Statistical Analysis 
6WDWLVWLFDO DQDO\VHV ZHUHSHUIRUPHGXVLQJ0LFURVRIW([FHO 'HVLJQ([SHUWY




3 DEVELOPMENT OF METHODS 
3UHOLPLQDU\ LQYHVWLJDWLRQV ZHUH QHFHVVDU\ WR GHILQH WKH SDUDPHWHUV IRU WKH
DQDO\WLFDO WHFKQLTXHVDVZHOO DV WRGHYHORSV\VWHPVWKDWZRXOGEHDSSURSULDWHIRU
FRPSDUDWLYHPHDVXUHPHQWV 7KHVHH[SORUDWLRQV LQYROYHGDQVZHULQJDQXPEHURI
TXHVWLRQV UHODWHG WR PHWKRGV RIDURPD GLVSHUVDO FRQFHQWUDWLRQV RIYRODWLOHV
UHTXLUHG WR SURGXFH DGHTXDWH UHVSRQVHV VWDELOLW\ RI V\VWHPV XVHG DQG WKH
UHSURGXFLELOLW\ RIHDFK V\VWHP :LWK PDQ\ RIWKH DQDO\WLFDO WHFKQLTXHV LW ZDV
LPSRUWDQW WR GHILQH EHIRUHKDQG WKH LPSRUWDQW SDUDPHWHUV WKDW ZHUH WR EH
DVVHVVHG 7KLV ZDV SDUWLFXODUO\ LPSRUWDQW VLQFH WKH SURGXFWV UDQJHG IURP
VROXWLRQV WR VHPLVROLG JHOV DQG JXPV WR VROLG ERLOHG VZHHWV 7KHVH GLIIHUHQW
PDWULFHV UHOHDVH DURPD FRPSRXQGV YLD GLIIHUHQW PHFKDQLVPV DQG DV VXFK KDYH
GLIIHUHQW HIIHFWV ZLWK UHJDUG WR UHVWULFWLRQ RIPDVV WUDQVIHU YRODWLOH FRPSRQHQWV
IURP PDWUL[ FRPSRQHQWV DURPD FRPSRXQG VROXELOLW\ DQG ELQGLQJ DQG
EUHDNGRZQRIWKHPDWUL[$URPDFRPSRXQGVDOVRKDYHYDU\LQJSURSHUWLHV7KHVH
ZRXOGDOVR DIIHFW WKHLUUHOHDVH $GHTXDWHDURPDFRQFHQWUDWLRQV IRU HDFKSURGXFW
W\SHZHUHGHWHUPLQHGDV ZHOODV VXLWDEOHPHWKRGRORJLHVIRUSURGXFLQJFRQVLVWHQW
VDPSOHV +HDGVSDFH DQG EUHDWK E\ EUHDWK WHFKQLTXHV ZHUH DVVHVVHG IRU WKHLU
UHSURGXFLELOLW\DQG SURWRFROV ZHUH GHYHORSHG IRU LQFUHDVLQJ WKH FRQVLVWHQF\ RI
in vivo VWXGLHV )LQDOO\ V\VWHPV WR UHSUHVHQW WKH GLIIHUHQW OHYHOV RI DURPD
GLVSHUVLRQZHUHGHYHORSHG
3.1 Evaluation of Important Ions in Chewing Gum and Yoghurt 
Systems Containing Strawberry Flavour 
,Q WKHVH V\VWHPV D SUHPL[HG ZKROH 
VWUDZEHUU\
 IODYRXU 7 ZDV
XWLOLVHG )LUPHQLFK 6$ IRU EUHDWKE\EUHDWK H[SHULPHQWV 7KH LRQV GHWHFWHGE\
WKH $3FL06 QHHGHG WR EH DVFHUWDLQHGSULRU WR LQYHVWLJDWLRQ 6DPSOHV J RI
FKHZLQJ JXP FRQWDLQLQJ WKH VWUDZEHUU\ IODYRXU ZHUH FKHZHG E\ D VLQJOH

&KDSWHU 'HYHORSPHQWRI0HWKRGV
SDQHOOLVW ZKLOVW PRQLWRULQJ WKH LRQ FRXQWV LQ WKH H[KDOHG EUHDWK YLD $3FL06
6HFWLRQ7KH$3FL06ZDVVHWXSLQIXOO VFDQPRGHWRPRQLWRUWKHWRWDO
LRQFRXQWIRU DUDQJHRILRQV IURPWRP] )LJXUH VKRZVWKHVSHFWUXP











,Q H[SHULPHQWV ZKHUH VWUDZEHUU\ DURPD ZDV DGGHG WR \RJKXUWV D GLIIHUHQW
IODYRXUZDVXVHG$ +RZHYHU WKH PDMRULRQV REVHUYHGZHUH WKH VDPH
3ODLQ \RJKXUW ZDV LQYHVWLJDWHG XVLQJ $3FL06 &RQVXPSWLRQ E\ D VLQJOH
SDQHOOLVW ZDV WHVWHG WR LGHQWLI\ LIDQ\ LRQV ZHUH GHWHFWHG IURP WKH XQIODYRXUHG
\RJKXUW $ VSRRQIXORI\RJKXUWZLWKRXWDGGHGIODYRXULQJZDVFRQVXPHGDQGWKH
H[KDOHG DLU PRQLWRUHG LQ IXOO VFDQ PRGH P]  7KH VSHFWUXP RILRQV
~ b o w e d d WKDW WKH PRVW VLJQLILFDQW LRQV GHWHFWHGZHUH LRQV  DQG  7KHUHIRUH
WKHUH ZHUH QR FRPSHWLQJ LRQV LQ SODLQ \RJKXUW WKDW PLJKW LQWHUIHUH ZLWK WKH
QRQLWRULQJ RILRQV  DQG  IURP WKH VWUDZEHUU\ IODYRXU 7KLV VXJJHVWV WKDW
OWKRXJK FRPSRXQGV VXFK DV EXW\ULF DFLG DQG DFHWRLQ ZKLFK DUH GHULYHG IURP
YRJKXUW LWVHOIERWKJLYHPROHFXODULRQV RI WKH FRQWULEXWLRQ LV VROHO\IURP WKH




3.2 Evaluation of Gels and Solvents with No Added Volatiles 
when Assessed by APci-MS 
7KH JHOVDQGVROYHQWVXVHGDV FDUULHUVIRU WKHDURPDFRPSRXQGVZHUHFKHFNHGWR
VHH LIWKH\ SURGXFHG DQ\ LRQV WKDW ZRXOG LQWHUIHUH ZLWK $3FL06 DQDO\VLV RI
IODYRXU UHOHDVH IURP JHOV It ZDVSRVVLEOHWKDWGXULQJWKHJHOSURGXFWLRQSURFHVV
YRODWLOH FRPSRXQGV PD\KDYHEHHQFUHDWHGGXH WR WHPSHUDWXUHV RIJUHDWHUWKDQ
& GXULQJ SURFHVVLQJ 6HYHUDO VDPSOHV ZLWK QR DGGHG YRODWLOH FRPSRXQGV
ZHUH FRQVXPHG XVLQJ WKH SURWRFRO GHVFULEHG LQ 6HFWLRQ  LQ IXOO VFDQ
PRGH %UHDWKLQJ ZDV DOVR WHVWHG IRU DQ\ LRQV SUHVHQW LQ WKH H[KDOHG DLU RIWKH
-DQHOOLVWVZKHQQRVDPSOHZDVFRQVXPHG
Jlank JHODWLQHVXFURVHfull VFDQ








60  100 120 140 160 180 
~ c a n n (6
/ 1 2 c ~ ~
~ i g u r e e 3.2 Spectrum of ions detected during consumption of a gelatine-sucrose gel 
vithout addition of aroma compounds. Peak ions labelled when greater than RR of 
he peak ion concentration. 

LJXUH  VKRZV WKDW WKH PDMRU LRQ GHWHFWHG IURP FRQVXPSWLRQRIXQIODYRXUHG
HOV ZDV LRQ  ZKLFK FRUUHVSRQGV WR DFHWRQH SUHVHQW RQ WKH EUHDWK $OO RWKHU
-QV ZHUH GHWHFWHG DW OHVV WKDQ H ZKLFK LV VXIILFLHQWO\ ORZ WR EH
LVUHJDUGHG ,RQ ZDV DOVR WKH PRVWDEXQGDQWGXULQJPHDVXUHPHQWRIH[KDOHG
LUZKHQQRVDPSOHZDVFRQVXPHG 
&KDSWHU 'HYHORSPHQWRI0HWKRGV
6ROXWLRQV FRQWDLQLQJ   VROYHQW VROXWLRQV ZHUH PDGH DQG WKHLU JDV SKDVH
FRQFHQWUDWLRQV PRQLWRUHG LQ IXOO VFDQ PRGH (OPRUH DQG /DQJOH\ 
LQYHVWLJDWHG WKH HIIHFWV RIYDU\LQJ HWKDQRO FRQWHQW RQ WKH G\QDPLF KHDGVSDFH
FRQFHQWUDWLRQ XVLQJ FKHPLFDO LRQLVDWLRQ PDVV VSHFWURPHWU\ DQG 7D\ORU et al. 
 PRQLWRUHG HWKDQRO UHOHDVH DV DQ DURPD FRPSRXQG IURP JHODWLQHDJDURVH
JHOV(WKDQROUHOHDVHRQ$3FL06FDQFDXVHLQVWDELOLW\LQWKHLRQLVDWLRQUHJLRQLI
WKH OHYHOV DUH WRR KLJK 8S WR   HWKDQRO FDQEH DQDO\VHGXVLQJ ZDWHU DV WKH
UHDJHQW LRQ DERYH WKLV FRQFHQWUDWLRQ WKH VRXUFH QHHGV PRGLILFDWLRQ VR WKDW
HWKDQRO EHFRPHV WKH UHDJHQW LRQ DQG HQVXUHV WKDW LRQLVDWLRQ LV OLQHDU ZLWK
FRQFHQWUDWLRQ$]QDUet al. 
6ROYHQWV IXOO VFDQ
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)LJXUH  6SHFWUXP LOOXVWUDWLQJ LRQV GHWHFWHG LQ KHDGVSDFH DERYH R HWKDQRO
POXWLRQ
WJXUH  VKRZV WKH PDMRU LRQV GHWHFWHG LQ WKH KHDGVSDFH DERYH D VROXWLRQ
~ o n t a i n i n g g   HWKDQRO ZZ  ,RQV  DQG  FRUUHVSRQG WR WKH HWKDQRO
QRQRPHUDQGGLPHUUHVSHFWLYHO\DQGWKXVRWKHUFRPSRXQGVZKLFKSURGXFHWKHVH
RQV PD\ QRW EH DQDO\VHG TXDQWLWDWLYHO\ ZKHQ HWKDQRO LV SUHVHQW 2WKHU LRQV
KLFK PD\ EH DIIHFWHG LQFOXGH LRQV    DQG  ,RQ  LV LQGLFDWLYH RI





 Dispersion of Volatiles in Gelatine-Sucrose Gels Prior to 
Gelation 
$V GHVFULEHG LQ &KDSWHU WKH DGGLWLRQ RIYRODWLOHV WR D OLTXLGJHODWLQHVXFURVH
DFLGPL[WXUHZDV LQWHJUDO WR WKHSURGXFWLRQRIPDQ\RIWKH VDPSOHVDVVHVVHG IRU
DURPDUHOHDVH 9RODWLOHFRPSRXQGVZHUHDGGHGWR JHOVXVLQJDGLVSHUVLQJDJHQW
ZKLFK LQ PDQ\FDVHV ZDV SURS\OHQH JO\FRO DOWKRXJK LQ VRPH H[SHULPHQWV RWKHU
GLVSHUVDQWVZHUHXVHG
*HOV ZHUHSURGXFHGDV SHU6HFWLRQ ZLWKKH[DQRO  PJ / DQGDUHG
IRRG G\H PJ/  DGGHGLQP/ RISURS\OHQHJO\FRO +H[DQROZDV FKRVHQ
GXH WR LWV LQWHUPHGLDWH VROXELOLW\WR DFWDV DPDUNHUIRU GLVSHUVLRQLQ WKH V\VWHP
7KLUW\ VHFRQGV RIPDQXDO VWLUULQJ ZLWK D JODVV URG VWLUUHU ZDV VKRZQ WR EH D
VXIILFLHQW VWLUULQJ WLPH WR SURGXFHDKRPRJHQRXV FRORXUDSSHDUDQFH WKURXJK WKH
JHO%DNNHUet al. VKRZHGWKDWPL[LQJRIUHGG\HLQWRJHODWLQHVROXWLRQVDW




)LJXUH  VKRZV WKH UHOHDVH RIKH[DQRO RYHU WKH GXUDWLRQ RIWKH FRQVXPSWLRQ
~ v e n t . . 7KH FXUYH LQGLFDWHV WKDWKH[DQRO ZDV HYHQO\UHOHDVHG LQWR WKH H[SLUHGDLU
>Q WKH QRVH 6LQFH PDVV WUDQVIHU WKURXJK WKH QRVH LV ODPLQDU +RGJVRQ et al. 
E PL[LQJ LV XQOLNHO\ WR RFFXUDW WKLV VWDJH 7KH PL[LQJ PD\ RFFXUGXULQJ
QDVWLFDWLRQ EXW ZLWK WKHVH JHOV WKDW IUDJPHQW DQG WKHQ GLVVROYH PDVWLFDWLRQ
YRXOG KDYH D OLPLWHG UROH %HFDXVH RIWKHVH IDFWRUV DQG LQ WKH DEVHQFH RI

VSLNHV LQ WKH H[SLUHG DLU WKH FRQFOXVLRQ LV WKDW WKH YRODWLOH FRPSRXQGV ZHUH
YHQO\ GLVWULEXWHG LQ WKH JHO GXULQJ PDQXIDFWXUH It KDV EHHQ FRPPRQO\ VKRZQ
KDWOLSRSKLOLFYRODWLOHVLQORZIDW V\VWHPVDUHVXEMHFWWR LQLWLDO 
EXUVWV
RIDURPD





UHODWHG WR LQVROXEOH UHJZQV P WKH PDWUL[ FRUUHVSRQGLQJ WR SRRU OHYHOV RI
GLVSHUVLRQ
7KH XVH RIFRORXUDQWVZDV DXVHIXO WHFKQLTXHZKHQ LQYHVWLJDWLQJWKH OD\HULQJRI
WKH JHODWLQHVXFURVH JHOV &UHDWLRQ RIOD\HUHG JHODWLQHVXFURVH JHO VDPSOHV LV
GHVFULEHGLQ6HFWLRQ'LVSHUVLRQRIGLIIHULQJFRORXUVLQVXEVHTXHQWOD\HUV
DOORZHG WKH VHSDUDWLRQ WR EH REVHUYHG 1R PL[LQJ RIWKH WZR FRORXUV DW WKH
LQWHUIDFH LQGLFDWHG WKDW QR PL[LQJ EHWZHHQ WKH OD\HUV KDG RFFXUUHG 7KLV LV
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)LJXUH  3LFWXUH LOOXVWUDWLQJ  DQG  OD\HU JHODWLQHVXFURVH JHO VDPSOHV *UHHQ
OD\HUVUHSUHVHQWOD\HUVFRQWDLQLQJDURPDFRPSRXQGVDQGUHGOD\HUVWKRVHZLWKRXW
 'HYHORSPHQW RI 6DPSOLQJ 3URWRFRO IRU *HODWLQH6XFURVH
*HOV
$IWHURSWLPLVDWLRQRIJHO VDPSOHSUHSDUDWLRQLWZDV LPSRUWDQW WR HQVXUH WKDW WKH
FRQVXPSWLRQSURFHVVRIHDFKVDPSOHZDVFRPSDUDEOH$SURWRFROZDVGHYHORSHG
WR UHGXFHWKHOHYHOVRIYDULDWLRQEHWZHHQVDPSOHV DQG DOVREHWZHHQSDQHOOLVWVIt 
LVZHOOGRFXPHQWHGWKDWGLIIHUHQFHVLQDURPDUHOHDVHin vivo DUHKLJKO\GHSHQGHQW
RQ DVSHFWV RISK\VLRORJ\EHWZHHQSDQHOOLVWV ZLWK FKHZLQJUDWHVEUHDWKLQJUDWHV
+DUULVRQ DQG +LOOV D +DUULVRQ  DQG VZDOORZLQJ HYHQWV DUH RI
SDUWLFXODU LPSRUWDQFH %XHWWQHU DQG 6FKLHEHUOH E 6WHLQKDUW et al. 
%XHWWQHUet al.  6SUXQW et al.  +RGJVRQ et al. E 3LRQQLHU et al. 
 ,QLWLDO VWXGLHV GHPRQVWUDWHG WKDW D GHILQHG JHO HDWLQJ SURWRFRO ZDV
UHTXLUHG WR VWDQGDUGLVH WKH HDWLQJ HYHQWV 7KHVH VWXGLHV VKRZHG WKDW LI QR
LQVWUXFWLRQZDVJLYHQWR DSDQHOOLVW WKHWLPHWDNHQWR FRQVXPHWKHZKROHVDPSOH
YDULHG VLJQLILFDQWO\ DQG WKH UHOHDVH SURILOHV ZHUH GLIILFXOW WR FRPSDUH 7LPH WR
PD[LPXP LQWHQVLW\ 7PD[ LV DQ LPSRUWDQW SDUDPHWHU IRU PHDVXULQJ UDWHV RI




*HODWLQHVXFURVHJHOV  %) ZHUHSURGXFHGDVSHU6HFWLRQ +H[DQRO 
PJ /  LQ   SURS\OHQH JO\FRO ZDV DGGHG DV D PDUNHU FRPSRXQG IRU DURPD
UHOHDVH 6DPSOHV ZHUH FXW LQWR FXEHV RI J $ UDQJH RISURWRFROV ZHUH WHVWHG




DV VZDOORZLQJ LV GHOD\HG IURP  WR  VHFRQGV 7KLV IROORZV WKH SDWWHUQ RI
DURPDUHOHDVH VXJJHVWHGE\WKH PRGHORI+LOOVDQG+DUULVRQZKLFK VWDWHVWKDWDV
WKH JHO LV EURNHQGRZQDQGGLVVROYHV LQWR WKH VDOLYD YRODWLOHV DUH GLVVROYHGDQG
VXEVHTXHQWO\SDUWLWLRQ LQWR WKH JDV SKDVH +DUULVRQ DQG +LOOV  ,QFUHDVLQJ
WKHWLPHWRVZDOORZLQJZLOODOORZDJUHDWHUSHULRGRIWLPHIRUJHOVWRGLVVROYHDQG
UHOHDVH YRODWLOHV LQWR WKH VDOLYD It LV ZLGHO\ DFNQRZOHGJHG WKDW WKH H[KDODWLRQ
DIWHUVZDOORZLQJSURYLGHVDVXUJHRIYRODWLOHVWRWKHQDVDOHSLWKHOLD,QJKDPet al. 
D+DUULVRQ+RGJVRQet al. E:ULJKWet al.  ,IVZDOORZLQJ
LVGHOD\HGWKHQDJUHDWHUTXDQWLW\RIYRODWLOHVZLOOEHSUHVHQWLQWKLVH[KDODWLRQDV
ZHOO DV GHOD\LQJ WKH 7PD[Â $QRWKHUFRQVLGHUDWLRQ LV WKH FRPIRUWRIWKHSDQHOOLVW
$V WKH FKHZLQJ SHULRGZDV H[WHQGHG WKH YROXPH RIVDOLYD LQ PRXWK LQFUHDVHG
DQG VXEVHTXHQWO\ WKH XUJH WR VZDOORZEHIRUH WKH UHTXLUHG WLPH LQFUHDVHG )RUW\












)LJXUH (IIHFWV RIGLIIHUHQWJHO FRQVXPSWLRQ WLPHRQ in vivo UHOHDVHRIKH[DQRO
)URPOHIWWRULJKWDQGVHFRQGVEHIRUHVZDOORZLQJ
6DPSOH VL]HZDV DOVR DVVHVVHGZLWKVDPSOHV UDQJLQJ LQ VL]H IURP WR JXVLQJ
WKH  VHFRQGFRQVXPSWLRQSURWRFROPHQWLRQHGDERYH )LJXUH VKRZV DQRQ
OLQHDU LQFUHDVH LQ WKH ,PD[ RIUHOHDVH DV WKH VDPSOH VL]H LQFUHDVHV XQWLO JDIWHU
ZKLFK IXUWKHU VDPSOH VL]H LQFUHDVH GRHV QRW VLJQLILFDQWO\ LQFUHDVH WKH DURPD
UHOHDVH 1R GLIIHUHQFHV LQ 7PD[ ZHUH REVHUYHG DV VZDOORZLQJ RFFXUUHG DW WKH
VDPH WLPH SRLQW IRU HDFK VDPSOH 3ULQ] DQG /XFDV  VKRZHG WKDW
VZDOORZLQJZDV GHSHQGHQWRQWKHSDUWLFOHVL]HDQGOXEULFDWLRQRIWKH VDPSOHDQG
WKDWFKHZLQJHYHQWV UHTXLUHGDPLQLPXPSDUWLFOHVL]H WR EHGHWHFWHGE\WKHRUDO
PXFRVD It LV XQOLNHO\WKDWIRU WKH DQGJVDPSOHVWKDWVXIILFLHQWSDUWLFOHVL]HV
UHPDLQ IRU WKH IXOO  VHFRQG SHULRG RIPDVWLFDWLRQ DQG WKHVH VDPSOHV DUH
SUREDEO\LQDSSURSULDWHIRUXVHLQ IXUWKHUVWXGLHV7KHLQFUHDVHLQVXUIDFHDUHDGXH
WR WKH LQFUHDVHG VL]H PD\DOVR SOD\DUROH LQ DURPD UHOHDVH $V WKH VDPSOH VL]H
LQFUHDVHG WKH VXUIDFH DUHD ZRXOG LQFUHDVH KRZHYHU ODUJHU VDPSOH VL]HV ZLOO EH
OLPLWHGE\WKHYROXPHLQWKHRUDOFDYLW\DQGVDOLYDFRYHUDJH)XUWKHULQFUHDVHVLQ
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)LJXUH(IIHFWRIYDU\LQJVDPSOHVL]H RQ in vivo DURPD UHOHDVHRIKH[DQRO IURP
JHODWLQHVXFURVHJHOV1RUPDOLVHGGDWDIRUUHSOLFDWHV
 'HILQLWLRQ RI *HO $URPD &RPSRXQG &RQFHQWUDWLRQV DQG
3DODWDELOLW\6WXG\
$QLQWHJUDOSDUWRIVWXG\LQJYRODWLOHFRPSRXQGUHOHDVHIURPJHOVZDV WR GHILQHD
VXLWDEOH FRQFHQWUDWLRQ RIYRODWLOH FRPSRXQGV WR EH DGGHG 7KH OHYHOV FKRVHQ
ZHUH GHSHQGHQW RQ D QXPEHU RI LPSRUWDQW FRQVLGHUDWLRQV 7KHVH LQFOXGHG
FRQFHQWUDWLRQV OLNHO\ WR EH SUHVHQW LQ UHDO FRQIHFWLRQHU\ SURGXFWV OHYHOV WKDW
ZRXOGJLYHDSSURSULDWHLRQFRXQWVZKHQDVVHVVHGXVLQJ$3FL06DQGOHYHOVWKDW
ZHUH DEOH WR JLYH VXIILFLHQW UHSURGXFLELOLW\ 9XLOOHXPLHU et al.  REVHUYHG
PDMRU GLIIHUHQFHV EHWZHHQ WKH HTXLOLEULXP KHDGVSDFH FRQFHQWUDWLRQ DERYH WKH
VROXWLRQV DQG WKH UHWURQDVDO EUHDWK YRODWLOH FRQFHQWUDWLRQ 5HVXOWV IRU OLPRQHQH
VKRZHGD WLPHV ORZHUFRQFHQWUDWLRQLQUHWURQDVDOEUHDWKWKDQWKDWH[SHFWHG
IURPWKHUHVXOWVRIKHDGVSDFHDQDO\VLV7KLVGDWDVXJJHVWVWKDWWKHOHYHOVRIDURPD
FRPSRXQG ORVVEHWZHHQWKH RULJLQDO VDPSOHDQGWKH ILQDO FRQFHQWUDWLRQGHWHFWHG




It ZDV DOVR LPSRUWDQW WR HQVXUH WKDW WKH FRPSRXQGV VHOHFWHG KDG D UHDVRQDEOH
SDODWDELOLW\ 6LQJOHYRODWLOHFRPSRXQGV UDWKHUWKDQD IODYRXUPL[WXUHPD\KDYH
GLVWLQFWO\ XQDSSHDOLQJ DURPDV HVSHFLDOO\ DW FRQFHQWUDWLRQV UHTXLUHG WR JHW
VXIILFLHQW LRQ GHWHFWLRQ 6LQFH VRPH RIWKH H[SHULPHQWV UHTXLUHG D QXPEHU RI
UHSOLFDWHV WR EH FRQVXPHG SDQHOOLVWV FRXOGSRWHQWLDOO\ FRQVXPH D ODUJH QXPEHU
RIVDPSOHV ,IVDPSOHVZHUH WRRXQSDODWDEOHWKLVPLJKWDGYHUVHO\DIIHFWSDQHOOLVW
SHUIRUPDQFH 9RODWLOH FRPSRXQGV ZHUH SUHGLVVROYHG LQ  P/ RISURS\OHQH
JO\FRODQGDGGHGWRKRWJHODWLQHVXFURVHJHOPL[WXUHDVSHU6HFWLRQDWD
FRQFHQWUDWLRQ RI PJ /  7KLV OHYHO RIDURPD LV UHODWLYHO\ KLJK KRZHYHU
ORVVHV GXH WR KHDW SURFHVVLQJ DQG JHODWLQH ELQGLQJ KDYH EHHQ VKRZQ WR UHGXFH
YRODWLOHUHOHDVHGXULQJFRQVXPSWLRQE\XS WR  %XUJ  6HYHUDOYRODWLOH
FRPSRXQGV ZHUH WHVWHGDQG WKH LRQFRXQWV DQGSDODWDELOLW\ RQ DVFDOHRI 
XQSOHDVDQW SOHDVDQWZHUHQRWHG
















RIWKH JHO VDPSOHV WHVWHG ZLWK LRQ LQWHQVLWLHV UDQJLQJ IURP H  H 7KXV
FRPSRXQGV XVHG ZHUH FKRVHQ EDVHG RQ WKHLU DELOLW\ WR JLYH D JRRG GHWHFWLRQ





ZKHQ LQWHUSUHWLQJ WKHVH UHVXOWV DV ORVVHV EHWZHHQ GLIIHUHQW DURPD FRPSRXQGV
PD\ QRW EH HTXDO DQG WKXV GLIIHULQJ ILQDO JHO FRQFHQWUDWLRQV PD\EH WKH UHVXOW
6LPSOH PHWKRGV FRXOGEH XVHG WR WHVW WKLV YLDD WHFKQLTXH RWKHUWKDQ$3FL06
7KHVH LQFOXGH GLVVROXWLRQ RIWKH VDPSOH LQ KH[DQH DQG H[WUDFWLRQ RIWKH DURPD
FRPSRXQGV KRZHYHU WKH SRWHQWLDO IRU LQDFFXDUDFLHV PD\EH DV KLJK DV WKDW IRU
PHDVXULQJVWDWLFKHDGVSDFH$QDOWHUQDWLYHWHFKQLTXHLQYROYHVWKHGLUHFWLQMHFWLRQ
RID630(ILEUH LQWR WKHVROLGJHO DQGPHDVXUHPHQWXVLQJ*&DQDO\VLVKRZHYHU
/H 4XHUH 3HUVRQDO &RPPXQLFDWLRQ DJDLQ WKLV ZLOO QRW JLYH WKH RYHUDOO WRWDO
JHOFRQFHQWUDWLRQ
3.6 Effective Solubilisation 
9RODWLOH RUJDPF FRPSRXQGV UDQJH LQ OHYHOV RI DTXHRXV VROXELOLW\ $ ODUJH
QXPEHU RIWKHVH FRPSRXQGV DUH QRQSRODU ZKLFK LPSOLHV WKDW WKH\ KDYH ORZ
VROXELOLWLHV LQ ZDWHU :DWHU LV D VHOIDVVRFLDWLQJ OLTXLGGXH WR WKHKLJK OHYHOVRI
K\GURJHQERQGLQJWKDWLWH[SHULHQFHVEHWZHHQRWKHUZDWHUPROHFXOHV7KLVPHDQV
WKDW ZDWHU KDV D ODWWLFHOLNH VWUXFWXUH WKDW SUHYHQWV WKH LQVHUWLRQ RIQRQSRODU
JURXSV DQG SUHYHQWV WKHP IURP EHFRPLQJ VROXELOLVHG $GGLWLRQ RIWZR OLTXLGV
ZLOO DXWRPDWLFDOO\KDYHDQLQFUHDVHLQWKHHQWURS\RIWKHV\VWHPHQVXULQJWKDWWKH
WZR OLTXLGVZLOOPL[WR VRPHH[WHQWDOEHLWDYHU\PLQRURQHDV DPL[WXUHKDV D




WR EHFRPH VROXEOH <DONRZVN\ D 7KLV FDQ EH DFKLHYHG LQ D QXPEHU RI
ZD\V LQFOXGLQJ XVH RI D FRVROYHQW RU VXUIDFWDQW FKDQJLQJ S+ RU
WKHUPRG\QDPLFPHWKRGVZKLFKLQYROYHLQFUHDVLQJWKHHQHUJ\LQWKHV\VWHPVXFK





0DQ\RIWKH LQYHVWLJDWLRQV UHTXLUHGYRODWLOH FRPSRXQGV WR EH VROXELOLVHG LQ DQ
DTXHRXVSKDVHSULRUWR DGGLWLRQWR WKHLUILQDO VDPSOHV $ UDQJHRIPHWKRGV ZHUH
DVVHVVHG WR VHOHFWD PHWKRGRIDJLWDWLRQZKLFKZRXOGSURYLGHWKHPRVWHIILFLHQW
DQG UHSURGXFLEOH VDPSOHV )ODVN VKDNLQJ IRU  KRXUV DW  RVFLOODWLRQV SHU
PLQXWH 657, )ODVN6KDNHU 6WXDUW6FLHQWLILF 5HGKLOO 8. UROOHUPL[LQJ IRU 
KRXUV 657 5ROOPL[ 6WXDUW 6FLHQWLILF 5HGKLOO 8. DQG VRQLFDWLRQ LQ DQ
XOWUDVRQLFEDWK)6'HFRQ/DERUDWRULHV/WG+RYH(DVW6XVVH[IRUKRXUV
ZHUH DOO FRPSDUHG WR D V\VWHP ZKHUH QR DJLWDWLRQ WRRN SODFH 7KUHH YRODWLOH
FRPSRXQGVUDQJLQJ LQ/RJ3YDOXHVZHUH LQYHVWLJDWHGPHWK\O DFHWDWH KH[DQRO
DQG OLQDORRO ZLWK /RJ P YDOXHV RI  DQG  UHVSHFWLYHO\ $URPD
FRPSRXQGV ZHUH DGGHG DW UHODWLYHO\ KLJK FRQFHQWUDWLRQV WR VKRZ WKH
HIIHFWLYHQHVV RIWKH VROXELOLVDWLRQ OLQDORRO DQG PHWK\O DFHWDWH  PJ /1 DQG
KH[DQROPJ/ 
)LJXUH  VKRZV WKDW WKH PHWKRG RI DJLWDWLRQ KDG QR HIIHFW RQ WKH ILQDO
KHDGVSDFHFRQFHQWUDWLRQVRIKH[DQRO ,QFRQWUDVW OLQDORROZDVGHWHFWHGDWKLJKHU
FRQFHQWUDWLRQV LQ WKH ILQDO VROXWLRQ ZKHQ DJLWDWHG YLD WKH 657 DOWKRXJK WKLV
ZDVQRWVLJQLILFDQWLQDOO FDVHVGXHWRWKHKLJKOHYHOVRIYDULDWLRQ7KLVLQFUHDVHG
FRQFHQWUDWLRQ PD\ EH GXH WR D GHFUHDVHG VROXELOLW\ LQ WKH DTXHRXV SKDVH DQG
KHQFH D KLJKHUSDUWLWLRQ LQWR WKH JDV SKDVH +RZHYHU WKLV VDPSOH DOVR VKRZHG
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1RDJLWDWLRQ
     
+HDGVSDFH&RQFHQWUDWLRQ5HODWLYHWR1R$JLWDWLRQ
)LJXUH6WDWLFKHDGVSDFHFRQFHQWUDWLRQ DERYHVROXWLRQVZLWK YRODWLOHV GLVSHUVHG
XVLQJGLIIHUHQWWHFKQLTXHV'DWDQRUPDOLVHGWRVDPSOHZLWKQRDJLWDWLRQ
7DEOH &RHIILFLHQWRI9DULDWLRQ ^R EHWZHHQ UHSOLFDWHVDPSOHV IRU KHDGVSDFH
JDVFRQFHQWUDWLRQVXVLQJGLIIHUHQWPRGHVRIVROXELOLVDWLRQ
&RPSRXQG 1R$JLWDWLRQ 6KDNHU 6RQLFDWRU 5ROOHU
657O 657
0HWK\ODFHWDWH    
1 +H[DQRO    
! /LQDORRO    
7KH HIILFLHQF\ RI WKH DJLWDWLRQ PHWKRGV ZDV GHWHUPLQHG E\ FRPSDQQJ WKH
YDULDELOLW\ LQ VWDWLF KHDGVSDFH PHDVXUHPHQWV 5HSOLFDWH PHDVXUHPHQWV ZHUH
PDGH DQG WKH SHUFHQWDJH FRHIILFLHQW RI YDULDWLRQ FDOFXODWHG 7DEOH 
GHPRQVWUDWHV WKDW WKH YDULDWLRQEHWZHHQ VDPSOHV ZDV VLJQLILFDQWO\ ORZHU IRU DOO
RIWKH DJLWDWLRQPHWKRGV IRU WKH WZR FRPSRXQGVZLWK ORZHU/RJ3YDOXHV 7KLV
VXJJHVWV WKDW DJLWDWLRQ LV LPSRUWDQW IRU VROXELOLVLQJ DQG GLVSHUVLQJ YRODWLOH
FRPSRXQGV HYHQ ZKHQ WKH\ KDYH KLJK DTXHRXV VROXELOLW\ )RU WKH K\GURSKRELF
FRPSRXQG OLQDORRO /RJ 3 =  WKH VKDNLQJ PHWKRG 6)7, KDV WKH ORZHVW
YDULDWLRQRI% ZKHUHDVDOORIWKHRWKHUWUHDWPHQWVVKRZOHYHOVRIYDULDWLRQRI




UHVXOWV REVHUYHG &DOFXODWHG YDOXHV RIVROXELOLWLHV VXJJHVW WKDW PHWK\O DFHWDWH
KH[DQRO DQG OLQDORRO ZHUH DOO DGGHG DW ZHOO EHORZWKHLU VROXELOLW\ OLPLWV 7DEOH

7DEOH&DOFXODWHGDQG([SHULPHQWDO6ROXELOLW\9DOXHVIRU$URPD&RPSRXQGVLQ
$TXHRXV 6ROXWLRQV * &DOFXODWHG YDOXHV REWDLQHG IURP (3, 6XLWH 86
(QYLURQPHQWDO 3URWHFWLRQ $JHQF\ ** YDOXH REWDLQHG IURP +DQVFK et a/. 







,Q FRQFOXVLRQ DOWKRXJK WKH PRVW WLPH FRQVXPLQJ RIWKH PHWKRGV LQYHVWLJDWHG
XVH RI WKH VKDNHU 6)7O DV DQ DJLWDWLRQ PHFKDQLVP SURGXFHG WKH PRVW
VROXELOLVHG DQG VXEVHTXHQWO\ GLVSHUVHG YRODWLOHV 7KLV ZDV WKH FDVH IRU ERWK
K\GURSKLOLF DQG K\GURSKRELF FRPSRXQGV IRU ZKLFK WKH VKDNHU KDG WKH ORZHVW
OHYHOVRIYDULDWLRQ
,QDVHFRQGH[SHULPHQWWKHUHSHDWDELOLW\DQGWKHYDULDWLRQRIVROXWLRQSUHSDUDWLRQ
ZDV PHDVXUHGE\VWDWLFKHDGVSDFH 5HSURGXFLELOLW\ZDV HYDOXDWHGE\FRPSDULQJ
 EDWFKHV RILGHQWLFDO VROXWLRQV SUHSDUHG VHSDUDWHO\ ZLWK UHSOLFDWHV ZLWKLQ WKH
VDPSOHVDOVRPHDVXUHG/LPRQHQH PJ/ ZDVDGGHGLQSURS\OHQHJO\FRO
VROXWLRQV DV SHU6HFWLRQ DQGWKH VWDWLFKHDGVSDFHFRQFHQWUDWLRQVVDPSOHG
E\$3FL06DVSHU6HFWLRQ
)LJXUH VKRZV WKH UHSHDWDELOLW\RIWKH KHDGVSDFHVDPSOLQJWHFKQLTXHZLWKQR
VLJQLILFDQW GLIIHUHQFHV S EHWZHHQ WKH LQWHQVLW\ RISDUWLWLRQ GHWHFWHG IRU
HDFKRIWKHGLIIHUHQWO\SUHSDUHGVROXWLRQV7KLVVXJJHVWVWKDWDWWKLVFRQFHQWUDWLRQ





7KLV LQGLFDWHV WKDWWKH WHFKQLTXHIRUSUHSDUDWLRQDQGPHDVXUHPHQWRIVROXWLRQV LV
DSSURSULDWH LQ WKLV FDVH 7KHYDULDWLRQ LQ WKH V\VWHPPD\EH GXH WR UDQGRPHUURU
ZKLFKLV DUHVXOWRIPDFKLQHUHOLDELOLW\DWPRVSKHULFFRQGLWLRQVDQGRWKHUH[WHUQDO






















A B F D E 
Sample Replicate 
Figure  Sample replication for 5 different preparations of limonene in 2 R
propylene glycol measured by static headspace. Values are the means of 5 
replicates. Error bars show± standard deviation. 
3. 7 Stage of Addition -Effect of Multiple Volatiles in Solution 
,QWURGXFWLRQ RIYRODWLOHV LQWR VROXWLRQV SULRU WR PHDVXULQJ WKH VWDWLF KHDGVSDFH
FDQ RFFXU DW D QXPEHU RIVWDJHV WKURXJKRXW WKH VDPSOH SUHSDUDWLRQ SURFHVV $




$ 9RODWLOHV 7DEOH  ZHUH SUHGLVVROYHG LQ  P/ RISURS\OHQH JO\FRO
:KLUO\PL[HU+HLGROSK5H$[7RSEHIRUHDGGLWLRQWR P/RIZDWHU
7KH VROXWLRQZDV DJLWDWHGIRU  PLQXWHV DW  RVFLOODWLRQV PLQ  RQDQ








IRU  PLQXWHV DW  RVFLOODWLRQV PLQ RQ DQ 6)7 )ODVN6KDNHU 
P/RISURS\OHQHJO\FROZDVSUHGLVVROYHGLQP/RIZDWHUDQGWKHQ
P/RIVWRFNDURPDVROXWLRQZDV DGGHGDQGDOORZHGWR HTXLOLEUDWH IRU 
KRXUVDW&
9RODWLOH FRPSRXQGV ZHUH DGGHG LQGLYLGXDOO\ RU DV D PL[WXUH WR LQYHVWLJDWH
PL[WXUHHIIHFWV 6WDWLFKHDGVSDFHFRQFHQWUDWLRQVZHUHPHDVXUHGZLWKUHSOLFDWHV
IRUHDFKWUHDWPHQW











7KH GLIIHUHQW P[PJ SURWRFROV GHVFULEHG VKRZ QR VLJQLILFDQW GLIIHUHQFHV
S! IRU HDFK RIWKH PHWKRGV RISUHSDUDWLRQ 7UHDWPHQWV $' PHQWLRQHG
DERYH)LJXUH
&RPSOHWH IODYRXUV JHQHUDOO\ LQYROYH FRPELQDWLRQV RI PXOWLSOH YRODWLOH
FRPSRXQGV KRZHYHU LW KDV EHHQ VKRZQ WKDW WKHVH YRODWLOH FRPSRXQGV FDQ
LQIOXHQFH WKH EHKDYLRXU RIRWKHUV LQ VROXWLRQ &KDLQWUHDX et al.  UHSRUWHG
WKDWYDU\LQJWKHFRQFHQWUDWLRQRID VLQJOHYRODWLOH IURPDPL[WXUHRIYRODWLOHV GLG
QRW DIIHFW WKH SURILOH RIWKH RWKHU FRPSRXQGV LQ WKH JDV SKDVH +RZHYHURWKHU
DXWKRUV%RKQHQVWHQJHO )ULHO KDYHVXJJHVWHGWKDWVPDOODOWHUDWLRQVLQ
YRODWLOH PL[WXUH PDNHXS FDQ FKDQJH WKH SDUWLWLRQLQJ EHKDYLRXU LQ FHUWDLQ
V\VWHPV $V LW ZDV RI LQWHUHVW WR DVVHVV WKH HIIHFWV RI GLIIHUHQW FRPSRXQG
SDUDPHWHUV RQ SDUWLWLRQ DQG UHOHDVH LQWHUFRPSRXQG LQWHUDFWLRQV QHHGHG WR EH
PLQLPLVHG
2.0 I D /LQDORRO
I m3 +H[DQRO
A 





Figure 3.10 Effect of different methods of solution preparation on measured 
headspace concentrations. Data normalised to preparation method A. Mean values 
for 3 replicates. 

&KDSWHU 'HYHORSPHQWRI0HWKRGV
,QYHVWLJDWLQJ WKH HIIHFWVRISDUWLWLRQRIDUDQJHRIYRODWLOHV LQZDWHUZKHQDGGHG
VLQJO\ RU DV D PL[WXUH ZDV VWXGLHG )LYH YRODWLOH FRPSRXQGV PHWK\O DFHWDWH
HWK\O EXW\UDWH KH[DQRO OLQDORRO DQG PHQWKRIXUDQ DQG D PL[WXUH RI DOO 
FRPSRXQGV ZHUH LQYHVWLJDWHG IRU HDFK RI WKH P[PJ SURWRFROV PHQWLRQHG
SUHYLRXVO\ 5HVXOWV VKRZ GHILQLWH YDULDWLRQV IRU DOO RI WKH FRPSRXQGV
LQYHVWLJDWHG 'DWDIURP 7DEOH VKRZV DUHGXFWLRQ LQKHDGVSDFHFRQFHQWUDWLRQ
IRU HWK\O EXW\UDWH DQG PHQWKRIXUDQ 3 $ ORZHUKHDGVSDFH FRQFHQWUDWLRQ
VXJJHVWHG WKDW WKH YRODWLOH FRPSRXQGV PD\ EH LQWHUDFWLQJ ZLWK RQH DQRWKHU
SRVVLEO\ E\ K\GURSKRELF LQWHUDFWLRQ +\GURSKRELF LQWHUDFWLRQ EHWZHHQ RUJDQLF
PROHFXOHV LQDTXHRXV VROXWLRQLV DQDWWUDFWLYH LQWHUDFWLRQEHWZHHQWZRQRQSRODU
PROHFXOHVZKLFKH[FOXGHZDWHUFRPLQJLQEHWZHHQWKHQRQSRODUPROHFXOHV7KLV
LQWHUDFWLRQ LQ ZDWHU LQYROYHV FDYLW\ IRUPDWLRQ ZKLFK LV WKHQ ILOOHG E\ WKH QRQ
SRODUPROHFXOHVDQGUHVXOWV LQUHVWULFWHGPRWLRQRIWKHVROXWH*UDQWDQG+LJXFKL
/LQDORRODQGPHWK\ODFHWDWHVKRZDVOLJKWLQFUHDVH LQSDUWLWLRQFRHIILFLHQW
DOWKRXJK WKLV QRW VLJQLILFDQW S! +H[DQRO VKRZV D VLJQLILFDQW LQFUHDVH LQ
SDUWLWLRQ FRHIILFLHQW ZKHQ DGGHG DV PL[WXUHV DQG WKLV LV GLIILFXOW WR H[SODLQ
+H[DQRO VKRZHGD  IROG LQFUHDVH H WR H LQ WKH GHWHFWLRQRILRQ  LQ
WKHPL[WXUHVDPSOHZKHQFRPSDUHGWR WKH LQGLYLGXDOVDPSOHZKLFKVXJJHVWVWKDW
RWKHUFRPSRXQGV LQ WKHPL[WXUHPD\DIIHFW WKH OHYHO RIGHWHFWLRQ 2WKHUVWXGLHV
KDYH VKRZQ WKH WKDW DURPD FRPSRXQGFRPSRXQG LQWHUDFWLRQV QHHG WR EH
FRQVLGHUHGZKHQPHDVXULQJSDUWLWLRQ %\ODLWH et a!.  DQG UHOHDVH 6FKREHU
DQG3HWHUVRQD
&RPSHWLWLRQEHWZHHQDURPDFRPSRXQGV IRU WKH UHDJHQW LRQLQ WKH VRXUFHUHJLRQ
RI WKH $3FL06 PD\ DOVR FRQWULEXWH WR FKDQJHV LQ VLJQDO LQWHQVLW\ $URPD
FRPSRXQGVGLIIHULQWKHLUSURWRQDIILQLWLHVDQGWKHFKDUJHWUDQVIHUSDWWHUQPD\EH
DOWHUHGDV DUHVXOW &RPSHWLWLRQDW WKH VRXUFH LV LQ IDFW WKHPRVW OLNHO\IDFWRU IRU
WKHGLIIHUHQFHVREVHUYHGEHWZHHQWKHDURPDFRPSRXQGVZKHQDGGHGDVDPL[WXUH
RUVLQJO\ It LV OLNHO\WKDWDV WKHFRPSRXQGDUHDWLQILQLWHGLOXWLRQWKHLUSURSHQVLW\
WR LQWHUDFW ZLWK RQH DQRWKHU LQ VROXWLRQ ZLOO EH QHJOLJLEOH &KDLQWUHDX et a!. 
 $Q\GLIIHUHQFHV REVHUYHG LQ KHDGVSDFHFRQFHQWUDWLRQPD\EH DQ DUWHIDFW
RIWKH V\VWHP XVHG WR PHDVXUH WKH KHDGVSDFH VXFK DV FRPSHWLWLRQ LQ LRQLVLQJ

&KDSWHU 'HYHORSPHQWRI0HWKRGV
SURFHVV 7R FRQILUPDQ\ LQWHUDFWLRQVEHWZHHQFRPSRXQGV H[SHULPHQWVXVLQJ DQ
DOWHUQDWLYH WHFKQLTXH VXFK DV *&06 VKRXOG DOVR EH FRQVLGHUHG WR DVVHVV WKH
HIIHFWRIFRPSHWLWLRQDWWKHVRXUFH







0HQWKRIXUDQ   
0HWK\ODFHWDWH  
)LJXUH  VKRZV WKDW WKH FRHIILFLHQW RIYDULDWLRQ LQ WKH PL[WXUH VDPSOHV ZDV
FRQVLGHUDEO\ KLJKHU WKDQ REVHUYHG IRU WKH LQGLYLGXDO YRODWLOH FRPSRXQGV
,QWHUDFWLRQV RFFXUULQJ EHWZHHQ WKH YRODWLOH FRPSRXQGV ZLOO LQWURGXFH D KLJKHU
OHYHORIYDULDWLRQLQWRWKHGDWD
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)LJXUH &RHIILFLHQWVRIYDULDWLRQ R RIKHDGVSDFHFRQFHQWUDWLRQVIRUGLIIHULQJ




 Determination of Equilibration Time 
,Q VWDWLF KHDGVSDFH V\VWHPV LW LV LPSRUWDQW WKDW WKH V\VWHP LV DW HTXLOLEULXP
EHIRUHWKHKHDGVSDFH LV VDPSOHGIf LW LV QRWDWHTXLOLEULXPWKHWUXHSDUWLWLRQPD\
QRW EH PHDVXUHG 9RODWLOH FRPSRXQG SDUWLWLRQ LV GHSHQGHQW RQ QXPHURXV
SK\VLFRFKHPLFDO SURSHUWLHV LQFOXGLQJ /RJ 3 VROXELOLW\ LQ WKH DTXHRXV SKDVH
YDSRXUSUHVVXUH PROHFXODUVL]H GLIIXVLYLW\ PDVV WUDQVIHU DJLWDWLRQ DQG ERLOLQJ
SRLQW ,IWKHVHIDFWRUV DIIHFWWKHSDUWLWLRQLQJRIYRODWLOHFRPSRXQGVWKHQWKH\PD\
DOVR LQIOXHQFHWKHWLPHUHTXLUHGIRUHTXLOLEULXPWREHUHDFKHG$UDQJHRIYRODWLOH
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)LJXUH +HDGVSDFHFRQFHQWUDWLRQVDIWHU KRXUVHTXLOLEUDWLRQ7RS OLPRQHQH
%HORZ GLDFHW\O
)LJXUH  GHPRQVWUDWHV WKH UDSLG LQFUHDVH LQ $3FL06 VLJQDO IROORZHG E\ WKH
SODWHDX SKDVH ZKLFK LV DQ LQGLFDWRU WKDW WKH V\VWHP LV DW HTXLOLEULXP ,Q D QRQ
HTXLOLEULXPVLWXDWLRQWKHUDSLGLQFUHDVHLQ LQWHQVLW\ZRXOGEHIROORZHGE\DVORZ
PFUHDVH LQ WKH SODWHDX SKDVH It LV FOHDU WKDW ERWK WKH K\GURSKLOLF FRPSRXQG
GLDFHW\O DQG WKH K\GURSKRELF FRPSRXQG OLPRQHQH KDYH ERWK UHDFKHG

&KDSWHU 'HYHORSPHQWRI0HWKRGV
HTXLOLEULXP 7KLV LPSOLHV WKDW LUUHVSHFWLYH RI WKH FRPSRXQGV SURSHUWLHV
HTXLOLEULXPZDV UHDFKHGDIWHU KRXUV 7DEOH VKRZVQR FKDQJH LQKHDGVSDFH
FRQFHQWUDWLRQEHWZHHQ DQGKRXUV HTXLOLEUDWLRQWLPH 7KLV VXJJHVWV WKDWPRVW
RIWKH FRPSRXQGV WHVWHG UHDFKHG HTXLOLEULXP DIWHU  KRXU $OO WKH FRPSRXQGV
WHVWHGUHDFKHGDSODWHDXSKDVHDIWHUKRXUV 7KLV FRUUHODWHVZHOOZLWKVRPHUHDO
DSSOLFDWLRQV $QH[DPSOH LV WKH DVVHVVPHQW RIWKH KHDGVSDFH IRU WHVWLQJEORRG
HWKDQRO FRQFHQWUDWLRQV ZKLFK XVHV DQ HTXLOLEUDWLRQ WLPH RIRQO\  PLQXWHV
3HQWRQ(TXLOLEUDWLRQWLPHRIHVWHUVDOGHK\GHVDQGDOFRKROVZDVVKRZQWR
EHDFKLHYHGDIWHURQO\ PLQXWHVDOWKRXJKWKLVZDVDW&IURP$UDELFDFRIIHH
6DQ] et al.  7KHVH GDWD VXJJHVW WKDW WKH HTXLOLEUDWLRQ RIPROHFXOHV LV
GHSHQGHQW RQ WKH SURSHUWLHV RIWKH DURPD FRPSRXQGV WKHPVHOYHV DQG DV VXFK
V\VWHPV VKRXOG EH PHDVXUHG IRU DSSURSULDWH HTXLOLEUDWLRQ WLPHV IRU DOO WKH
GLIIHUHQW YRODWLOHV (VVHQWLDOO\ WKRXJK LW DSSHDUV WKDW PRVW YRODWLOHV ZLOO UHDFK
HTXLOLEULXPZLWKLQDTXHRXVV\VWHPVZLWKLQKRXUVDVLVVXJJHVWHGE\RXUUHVXOWV
7KHUHVXOWVDOVRVKRZDGLVWLQFWHIIHFWRIWKHK\GURSKRELFLW\RIWKHFRPSRXQGRQ
WKH WLPH WDNHQ WR UHDFK HTXLOLEULXP ZLWK K\GURSKLOLF FRPSRXQGV QRW YDU\LQJ
EHWZHHQ DQG KRXUV GLDFHW\O GLPHWK\O S\UD]LQH EXW WKH PRUH K\GURSKRELF
FRPSRXQGV OLQDORRO DQG OLPRQHQH VKRZLQJ D VORZHU HTXLOLEUDWLRQ WLPH $
SRWHQWLDO H[SODQDWLRQIRU WKLV LV WKDW WKH ORZHUVROXELOLW\ LQZDWHUPD\HIIHFWWKH
WLPH WDNHQ IRU WKH FRPSRXQGV WR VROXELOLVH LQ WKH DTXHRXV SKDVH DQG WKXV
LQFUHDVHWKHWLPHWRUHDFKHTXLOLEULXPIt PD\DOVREHUHODWHGWRWKHIDFWWKDWPRUH




Table  Amounts of volatiles in the headspace (measured as ion counts) after 










3.9 Development of Droplet Analysis Systems 
'HYHORSPHQW RID VXLWDEOH V\VWHP IRU VWXG\LQJ WKH G\QDPLF UHOHDVH RIYRODWLOH
GURSOHWVSURYLGHGDUDQJHRIFKDOOHQJHV
 ,QMHFWLRQ RID VXLWDEOH GURSOHW VL]H VXFK WKDW LW ZDV YLVLEOH LQGHSHQGHQW
DQG ZDV UHOHDVHG LQWR WKH JDV SKDVH DW FRQFHQWUDWLRQV VXLWDEOH IRU
GHWHFWLRQXVLQJ$3FL06WHFKQLTXHV
 7KDW WKH GURSOHW ZDV QRW VXEMHFW WR PLJUDWLRQ RU GLVUXSWLRQ GXULQJ WKH
VDPSOHSURGXFWLRQSURFHVV
 7KDW WKH V\VWHP GHYHORSHG ZDV FDSDEOH RIEHLQJ DGDSWHG WR PHDVXUH






,QLWLDO H[SHULPHQWDWLRQVKRZHGWKDWDOO RIWKHYRODWLOH FRPSRXQGVDVVHVVHGFRXOG
EH LQMHFWHG LQWR DQDTXHRXV VROXWLRQDV DQ LQGHSHQGHQW VLQJOHGURSOHW +RZHYHU
WKH GURSOHWV ZHUH VXEMHFW WR PLJUDWLRQ YHU\ UDSLG<1 VHFRQG WR WKH DLUVROXWLRQ
LQWHUIDFH $TXHRXVVROXWLRQVZHUHWKHUHIRUHQRWDVXLWDEOHPDWUL[IRU WKLV V\VWHP
$V DQ DOWHUQDWLYH WKLFNHQHG VROXWLRQV ZHUH LQYHVWLJDWHG 7KH WKLFNHQHU XVHG LQ
WKLVFDVHZDV[DQWKDQJXPGXHWR LWVDELOLW\WRSURGXFHWKLFNHQHGVROXWLRQVDW ORZ
FRQFHQWUDWLRQV $ UDQJH RIFRQFHQWUDWLRQV ZHUH LQYHVWLJDWHG IURP   ZDWHU 
  [DQWKDQ DQG WKH PLJUDWLRQ RIWKH GURSOHW ZDV GHWHUPLQHG E\ WKH WLPH LW
WRRN WR UHDFK WKH VXUIDFH IURP D VHW LQMHFWLRQ SRLQW GHSWK LQ WXEH  PP
+RZHYHU LQFUHDVLQJ [DQWKDQ FRQFHQWUDWLRQPD\KDYH GHWULPHQWDO HIIHFWV RQ WKH
UHOHDVH RI WKH GURSOHW IURP WKH VROXWLRQ HVSHFLDOO\ ZKHQ WKH VDPSOHV DUH
FRQVXPHGE\SDQHOOLVWV <YHQet al.  VKRZHG WKDW RR [DQWKDQ UHGXFHG
WKH UHOHDVH RI DURPD FRPSRXQGV DQG UHSRUWHG UHYHUVLEOH K\GURJHQ ERQGLQJ
EHWZHHQ[DQWKDQDQG 1- RFWHQRO 7HQPLQXWHVZDV FKRVHQDV D VXLWDEOHSHULRG
RIWLPH DIWHU ZKLFK LIQR PRYHPHQW RIWKH GURSOHW RFFXUUHG LW ZDV FRQVLGHUHG
DSSURSULDWHIRUPHDVXUHPHQW
1200  /LPRQHQH
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Figure 3.13 Effect of xanthan concentration on time to reach the surface for 2 ~ 1 1
volatile droplets. Points represent replicates. 

&KDSWHU 'HYHORSPHQWRI0HWKRGV
)LJXUH  GHPRQVWUDWHV DQ H[SRQHQWLDO LQFUHDVH LQ UHWHQWLRQ RIWKH YRODWLOH
GURSOHWZLWK LQFUHDVHG[DQWKDQFRQFHQWUDWLRQ $W  [DQWKDQWKH GURSOHWZDV
UHWDLQHGIRUSHULRGVRIJUHDWHUWKDQVHFRQGVIRUDOO UHSOLFDWHV7KLVVXJJHVWHG
WKDWVWHULFKLQGUDQFHSURYLGHGE\WKH[DQWKDQFRLOVPD\EHUHVWULFWLQJWKHGURSOHW
PLJUDWLRQ 'LIIHUHQFHV H[LVWHG EHWZHHQ WKH WZR GLIIHUHQW YRODWLOH FRPSRXQGV
LQYHVWLJDWHGDQG WKLV PD\EH GXH WR GLIIHUHQFHV LQSK\VLFRFKHPLFDOSURSHUWLHV
(WK\O EXW\UDWH VKRZHGD PRUH UDSLGSURJUHVVLRQWR WKH LQWHUIDFH WKDQ OLPRQHQH
+RZHYHUWKLVZDVXQOLNHO\WREHGXHWRWKHVSHFLILFJUDYLW\RIWKHFRPSRXQGVDV
OLPRQHQH KDV D ORZHUYDOXH  J I P/ WKDQ HWK\O EXW\UDWH  JI mL). 
2WKHU IDFWRUV VXFK DV SRODULW\ RU K\GURSKRELFLW\ PD\ EH PRUH LPSRUWDQW )RU
LQVWDQFH OLPRQHQH PD\ LQWHUDFW ZLWK WKH [DQWKDQ FRLOV WR D KLJKHU GHJUHH WKDQ
HWK\OEXW\UDWH5HFHQWO\%\ODLWHeta!. KDYHVKRZQWKDWLQFUHDVLQJ[DQWKDQ






PLJUDWLRQ WLPHV REVHUYHG $Q LPSRUWDQW SRLQW WR QRWH DW WKLV VWDJH LV WKDW
GLVVROXWLRQ RIWKH GURSOHW LQWR VROXWLRQ KDV QRW EHHQPHDVXUHG DQG WKLV PD\EH
LPSRUWDQW WR FRQVLGHU HVSHFLDOO\ IRU PRUH K\GURSKLOLF FRPSRXQGV ZKLFK PD\
GLVVROYHGXULQJWKHPLJUDWLRQSHULRG,IWKLVLVWKHFDVHWKHVL]HRIWKHGURSOHWPD\
EHFRPHUHGXFHGFDXVLQJPRUHUDSLGPLJUDWLRQWKURXJKWKHVROXWLRQ
3.10 Determination of Gel Injection Time 
0LJUDWLRQ RIGURSOHWV DOVR RFFXUUHG LQ WKH KRW JHODWLQHVXFURVH DFLG PL[WXUH
3UHOLPLQDU\VWXGLHV DVVHVVHGWKHSRWHQWLDORILQMHFWLQJWKH GURSOHWV DIWHUJHODWLRQ







IURP GURSOHWV ZKLFKPD\EH GXH WR WKH LQHIILFLHQF\RIWKH VHDOLQJSURFHGXUH WR
HQVXUH UHWHQWLRQ LQ WKH JHO 6XEVHTXHQWO\ YRODWLOH FRPSRXQGV ZHUH LQMHFWHG
EHIRUH WKH JHO KDG IXOO\ VHW $ UDQJH RIWLPH SRLQWV GXULQJ WKLV VHWWLQJSURFHVV
ZHUH DVVHVVHG IURP  PLQXWHV DIWHU WKH KRW JHO ZDV SODFHG LQ WKH VDPSOH
WUD\V














7KH UHVXOWV GHVFULEHG LQ 7DEOH  VKRZ WKDW DW WKH EHJLQQLQJ RIWKH JHODWLRQ
SHULRG WKH YRODWLOH GURSOHW EHKDYHG DV LW GLG LQ DTXHRXV VROXWLRQ DQG VKRZHG
PLJUDWLRQ WR WKH VROXWLRQ VXUIDFH $V WKH JHO JDLQHG D PRUH ULJLG VWUXFWXUH WKH
GURSOHW ZDV UHWDLQHG DW WKH VLWH RILQMHFWLRQ DQG WKH V\ULQJH FRXOGEH H[WUDFWHG
ZLWKQRDGYHUVHHIIHFWVRQWKHJHOVWUXFWXUH$WORQJHUWLPHSRLQWVWKHJHOEHFDPH
LQFUHDVLQJO\YLVFRXVDQGWKHV\ULQJHVHUYHGWRSURGXFHDVWUHDPRIYRODWLOHUDWKHU
WKDQ D GURSOHW ,Q FRQFOXVLRQ WKH RSWLPXP WLPH SRLQW IRU LQMHFWLRQ RIYRODWLOH
GURSOHWVLQWRWKHJHOZDVDWPLQXWHVLQWRWKHJHODWLRQSHULRG
3.11 Droplet Injection System 
9RODWLOH FRPSRXQG GURSOHWV KDYH EHHQ VKRZQ WR PLJUDWH WR WKH VXUIDFH RI
DTXHRXV VROXWLRQV 6HFWLRQ  GXH WR WKHLU ORZ VROXELOLW\ DQG ORZHU GHQVLW\

&KDSWHU 'HYHORSPHQWRI0HWKRGV
FRPSDUHG WR ZDWHU $ V\VWHP ZDV GHYHORSHG WKDW DOORZHG LQYHVWLJDWLRQ RI
GURSOHW UHOHDVH LQ DQ DTXHRXV VROXWLRQ $ G\QDPLF KHDGVSDFH DSSDUDWXV ZDV VHW
XS LQ ZKLFK WKH GURSOHWV FRXOG EH LQMHFWHG LQWR WKH EDVH RIWKH V\VWHP 6HFWLRQ
 7KH GURSOHWV PLJUDWHG WR WKH VXUIDFH RIWKH VROXWLRQ ZKHUH WKH\ FDPH
LQWRFRQWDFWZLWKWKHJDVSKDVHDQGWKHUHOHDVH FRXOGEHPHDVXUHGE\DOORZLQJD
IORZ RI1 WR SXUJH WKH KHDGVSDFH DQG GHOLYHU WKH YRODWLOH FRPSRXQGV WR WKH
$3FL06 7KH G\QDPLF KHDGVSDFH WHFKQLTXH DOORZHG WKH PHDVXUHPHQW RI
FKDQJHV LQ KHDGVSDFH FRQFHQWUDWLRQ DV WKH JDV SKDVH DERYH WKH VDPSOH ZDV
GHSOHWHG 1XPHURXV UHVHDUFKHUV KDYH XWLOLVHG WKLV DSSURDFK WR PHDVXUH DURPD
UHOHDVH LQ UHDO WLPH 0DULQ et al.  0DULQ et al.  3DUNHU DQG 0DULQ












)LJXUH&KDQJHLQ KHDGVSDFHFRQFHQWUDWLRQIRU WKH UHOHDVHRID J ./, GURSOHWRI
PHWK\ODFHWDWH UHOHDVHIURP DTXHRXVVROXWLRQ7KHGURSOHWZDV LQMHFWHGDW PLQ
DQGWKHLQWHQVLW\H[FHHGHGWKHG\QDPLFUDQJHRIWKHLQVWUXPHQWKHQFHWKHSODWHDX
UHJLRQEHIRUHGHFUHDVLQJDVWKHKHDGVSDFHZDVIOXVKHGFRQVWDQWO\ZLWKQLWURJHQ
,QLWLDOO\ GURSOHWV  -/ ZHUH LQMHFWHG DV SHU WKH DIRUHPHQWLRQHG PHWKRG
+RZHYHU DV VKRZQ LQ )LJXUH  WKH UDSLG GHSOHWLRQ RI WKH JDV SKDVH
FRQFHQWUDWLRQ SURGXFHG OHYHOV RIDURPD ZKLFK H[FHHG WKH PD[LPXP GHWHFWLRQ
FDSDFLW\ RI WKH PDVV VSHFWURPHWHU 5HGXFWLRQ RI GURSOHW YROXPH WR  -/

&KDSWHU 'HYHORSPHQWRI0HWKRGV
GHFUHDVHG WKH JDV SKDVH FRQFHQWUDWLRQV GHWHFWHG DQG HQVXUHG WKDW D ODUJHU
SURSRUWLRQ RIFRPSRXQGV FRXOGEH LQYHVWLJDWHG ,PSRUWDQWO\ HWK\O EXW\UDWH DQG
HWK\O KH[DQRDWH DW  / VWLOO H[FHHGHG WKH GHWHFWLRQ OLPLW RI WKH PDVV
VSHFWURPHWHUDQGWKHUHIRUHFRXOGQRWEHDVVHVVHGUHOLDEO\XVLQJWKLVWHFKQLTXH
 &RQILUPDWLRQ RI 6DPSOH &RQFHQWUDWLRQV IRU 'URSOHWV DQG
6ROXELOLVHG6DPSOHVLQ*HODWLQH6XFURVH*HOV
7KH OHYHOV RIDURPD FRPSRXQG LQ WKH GLIIHUHQW W\SHV RIVDPSOHV GURSOHWV DQG
VROXELOLVHG ZHUH PRQLWRUHG E\ GLVVROYLQJ JHOV LQ ZDWHU DQG PHDVXULQJ WKH
HTXLOLEULXP KHDGVSDFH )LJXUH  VKRZV D W\SLFDO UHVXOW IRU HWK\O EXW\UDWH
ZKHUH WKHUH ZDV QR VLJQLILFDQW GLIIHUHQFH LQ WKH HTXLOLEULXP KHDGVSDFH DQG
WKHUHIRUH DURPD FRQWHQW GHVSLWH WKH VROXELOLVHG DURPD FRPSRXQG EHLQJ DGGHG







7 T 7  

GURS GURSV GURSV VROXELOLVHG
7\SHRI'LVSHUVLRQ
)LJXUH  $URPD FRQWHQW RIGLIIHUHQW JHO VDPSOHV FRQWDLQLQJ    GURSV RU






$JLWDWLRQ ZDV VKRZQ WR EH LPSRUWDQW IRU GLVSHUVLQJ YRODWLOH FRPSRXQGV LQ
VROXWLRQ DQG IRU GLVSHUVLRQ RI YRODWLOH FRPSRXQGV LQ KRW JHODWLQHVXFURVH
PL[WXUH <RJKXUW LV DQ DOWHUQDWLYH PDWUL[ LQ ZKLFK OHYHOV RI PL[LQJ ZHUH
LQYHVWLJDWHG $ VLPSOH WHVW ZDV GHYHORSHG ZKHUHE\ D \RJKXUW VDPSOH  mL) 
KDG UHGIRRGG\HPJ/  6XSHUFRRN/HHGV8.DQGOLQDORRO  PJ/ 
DGGHG DQG VWLUUHG IRU GLIIHULQJ DPRXQWV UDQJLQJ IURP  VWLUV 7KH FRORXU
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1XPEHURI6WLUV
)LJXUH  (IIHFW RI LQFUHDVHG VWLUULQJ RQ OLQDORRO UHOHDVH in vivo IURP VWLUUHG
\RJKXUWVDPSOHV0HDQRIUHSOLFDWHVIRUDVLQJOHSDQHOOLVW
)LJXUH  LQGLFDWHV WKDW LQFUHDVLQJ WKH QXPEHU RIVWLUV FDXVHG D VLJQLILFDQW
GHFUHDVH LQ WKH LQWHQVLW\ RIYRODWLOH UHOHDVH ,QFUHDVHG GLVSHUVLRQ RIWKH YRODWLOH
FRPSRXQGVZRXOG LQFUHDVHWKH VROXELOLW\ZLWKLQWKH\RJKXUWSKDVH7KLV UHGXFHG
WKH TXDQWLWLHV DYDLODEOH IRU SDUWLWLRQZKHQ FRQVXPHG LQ PRXWK$W ORZ OHYHOV RI
GLVSHUVLRQ LHVKRUWPL[LQJ WLPHV WKH YRODWLOHVZRXOGEH FRQFHQWUDWHG LQ SKDVH




KRPRJHQRXVO\ WKURXJKRXW WKH \RJKXUW DQG WKXV WKH DUHDV SKDVH VHSDUDWHGDURPD
ZRXOG EH UHGXFHG 7KLV ZDV VXJJHVWHG E\ WKH VLJQLILFDQW UHGXFWLRQ LQ LQWHQVLW\
REVHUYHGDWKLJKHUPL[LQJWLPHV7KLVVXJJHVWLRQLVSDUWLDOO\VXSSRUWHGE\%UDXVV
et al. 7KH\UHSRUWHGWKDWGHFUHDVLQJWKH IDW FRQWHQWRIWKH \RJKXUWVHUYHG
WR LQFUHDVH WKH LQWHQVLW\ RIOLSRSKLOLF FRPSRXQGV UHOHDVHG GXH WR D UHGXFWLRQ LQ













)LJXUH (IIHFWRIYDU\LQJVWLUULQJ OHYHOV RQ WKH FRHIILFLHQW RIYDULDWLRQ R IRU
LQWHQVLWLHV RI OLQDORRO UHOHDVH in vivo IURP VWLUUHG \RJKXUW VDPSOHV 0HDQ RI 
UHSOLFDWHV
7KH SUHYLRXV FRQFOXVLRQ LV UHLQIRUFHG E\ )LJXUH  7KLV LOOXVWUDWHV WKH
UHGXFWLRQ LQSHUFHQWDJHFRHIILFLHQWRIYDULDWLRQZLWKDQLQFUHDVHGQXPEHURIVWLUV
$ PRUH KRPRJHQRXV V\VWHPZLOO GLVSOD\ D PRUH FRQVLVWHQW LQWHQVLW\ RIUHOHDVH
DQGWKHUHIRUHWKH OHYHORIYDULDWLRQZLOOEHUHGXFHG
)LJXUH VKRZVDYLVXDO UHSUHVHQWDWLRQRIKRZVWLUULQJDIIHFWV WKHGLVWULEXWLRQ
IKH LPDJHV LQGLFDWH WKDWDIWHUILYH VWLUV WKH VDPSOHZDV VWL OO IDLUO\ KHWHURJHQHRXV

&KDSWHU 'HYHORSPHQWRI0HWKRGV
ZLWK GLVWLQFW ZKLWH UHJZQV UHPDPPJ ZLWKLQ WKH FRORXUHG UHJLRQV 7HQ VWLUV
VKRZV D KLJKHU GHJUHH RIKRPRJHQHLW\ EXW VWLOO ZLWK VRPH ZKLWH UHJLRQV %\
FRQWUDVWDIWHUWZHQW\VWLUVWKHVDPSOHDSSHDUVWREHXQLIRUPLQFRORXUVXJJHVWLQJ
KRPRJHQHLW\ RI WKH VDPSOH 7KLV GDWD FRUUHODWHV ZHOO ZLWK WKH GHFUHDVH LQ
LQWHQVLW\DQGYDULDWLRQREVHUYHGLQ)LJXUHVDQG
Figure 3.18 Level of stirring on dispersion of red food dye in yoghurt. From left to 
right (5 stirs, 10 stirs and 20 stirs). 
3.14 Conclusions 
7KLV &KDSWHU LOOXVWUDWHV VRPH RIWKH SUHOLPLQDU\ H[SHULPHQWV WKDW ZHUH FDUULHG
RXWLQRUGHUWR VWDQGDUGLVHWKHPHWKRGRORJ\DQGWR DVVHVV VXLWDEOHFRQFHQWUDWLRQV
IRU IXUWKHU VWXGLHV 7KH HDUOLHU VHFWLRQV GHPRQVWUDWH WKH LPSRUWDQFH RI WKH
GLVSHUVLRQ PHWKRGRORJ\ DV ZHOO DV DVVHVVLQJ WKH FRQWULEXWLRQV WR LRQ LQWHQVLWLHV
RIWKHGLIIHUHQWPDWULFHVLQYHVWLJDWHG6HFWLRQV  DUHLPSRUWDQWLQGHILQLQJ
FRQGLWLRQV DQG OLNHO\ VRXUFHV RI HUURU IRU VDPSOH SUHSDUDWLRQ IRU KHDGVSDFH
DQDO\VLV 6HFWLRQV    DVVHVV WKH GHYHORSPHQW RIV\VWHPV WR PHDVXUH




4 HIGHER SCALE AROMA DISPERSION 
EFFECTS OF LAYERING AND STIRRING ON 
RELEASE 
,Q LQGXVWU\ PDQ\ IRRG SURGXFWV DUH VXEMHFWHG WR D ZLGH UDQJH RIGLVSHUVLRQ
WHFKQLTXHV LQ RUGHU WR SURGXFH KRPRJHQRXV V\VWHPV RU WR HQVXUH FRPSOHWH
PL[LQJ RIIODYRXUV DQG FRORXULQJV 7KLV LV HVSHFLDOO\ LPSRUWDQW LQ WKH GHVVHUWV
DQG FRQIHFWLRQHU\ LQGXVWU\ ZKHUH IRRGV DUH FRQWLQXDOO\ GHYHORSHG WR SURGXFH
QHZ DQG LQQRYDWLYH SURGXFWV IRU DQ HYHU H[SDQGLQJ PDUNHW )ODYRXU LV DQ
LPSRUWDQW DVSHFW LQ WKHVH SURGXFWV DQG WKH PDQQHU LQ ZKLFK LW LV DGGHG DQG
GLVSHUVHGPD\DIIHFWLWV ILQDOSHUFHSWLRQE\WKHFRQVXPHU/D\HUHGFRQIHFWLRQHU\








LPSOLHV WKDWWKH GHJUHHRIPL[LQJWKDWRFFXUVGHSHQGV RQ WKH VFDOHDWZKLFK\RX
REVHUYHDSURGXFW&KDSWHU7KLVVHFWLRQLQYHVWLJDWHVWKHGLVSHUVLRQRIYRODWLOH
FRPSRXQGV RQ WKLV 
KLJKHU VFDOH
 RIPL[LQJ ILUVWO\ LQ D VHPLVROLG \RJKXUW
SURGXFW ZKHUH PDVWLFDWLRQ LV OLNHO\ WR KDYH UHGXFHG LPSRUWDQFH DQG
VXEVHTXHQWO\ LQ WZR FRQIHFWLRQHU\ V\VWHPV ZKHUH LQPRXWKPL[LQJ PD\ SOD\ D
ODUJHUUROHLQWKHFRQVXPSWLRQSURFHVV
1XPHURXVVWXGLHVKDYHEHHQFDUULHGRXWRQDURPDUHOHDVHIURPERWK\RJKXUWDQG
FRQIHFWLRQHU\V\VWHPV KRZHYHU WKHUH LV YHU\ OLWWOHSXEOLVKHGGDWDRQ WKH HIIHFW
RIGLVSHUVLQJYRODWLOH FRPSRXQGV LQ WKHSURGXFWDQG WKHLUVXEVHTXHQWHIIHFWV RQ
UHOHDVH,QWKHFDVHRI\RJKXUWVPRVWGDWDLVUHODWHGWRVHQVRU\FKDUDFWHULVWLFVGXH
WR WKH DGGLWLRQ RIVZHHWHQHUV RU WKLFNHQHUV %UHQQDQ et al.  .RUD et al. 
 .RUD et al.  DQG YDU\LQJ IDW OHYHOV 7XRULOD et al.  RQ UHOHDVH
UDWKHUWKDQWKHPHWKRGRIDGGLWLRQ /XEEHUVet al.  LQYHVWLJDWHGWKHHIIHFWV

&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
RIVWLUULQJRQ UHOHDVH GXULQJ VWRUDJH %UDXVV DQGFRZRUNHUV  VKRZHGWKDW
UHGXFHG OHYHOV RIIDW  LQFUHDVHG WKH LQWHQVLW\ DQG UHGXFHG WKH SHUVLVWHQFH
RIOLSRSKLOLF DURPDFRPSRXQG UHOHDVH .DQWet al.  DQG 0HL et al. 
ERWKXWLOL]HGLQQRVHWHFKLTXHV WR DVVHVVDURPDUHOHDVHGXULQJFRQVXPSWLRQIURP
IODYRXUHG \RJKXUWV E\ DOWHULQJ WKH FRPSRQHQWV DGGHG WR WKH \RJKXUW $OWKRXJK
WKHVH VWXGLHV VKRZ D ZLGH UDQJH RILQWHUHVW LQ DURPD UHOHDVH IURP \RJKXUW WKH
SULQFLSOHVRIGLVSHUVLQJIODYRXULQJDJHQWVDQGWKHLUVXEVHTXHQWHIIHFWVRQUHOHDVH
KDYH \HW WR EH HVWDEOLVKHG $ V\VWHP ZDV VHW XS ZKHUHE\ WKH OHYHO RIYRODWLOH
FRPSRXQGGLVSHUVLRQFRXOGEHFRQWUROOHGDQGDVVHVVHGDQGLWV VXEVHTXHQWUHOHDVH
FRXOG EH IROORZHG $3FL06 ZDV FKRVHQ WR LQYHVWLJDWH DURPD UHOHDVH DQG
VWDQGDUG \RJKXUW ZDV XVHG WKURXJKRXW WKH H[SHULPHQWV WR DYRLG FRQIRXQGLQJ
IDFWRUV VXFKDVHIIHFWVRIIDWFRQWHQWRUVZHHWHQHUV
3UHOLPLQDU\ H[SHULPHQWV VKRZHG WKDW VWLUULQJ YRODWLOH FRPSRXQGV LQWR WKH
\RJKXUWXVLQJGLIIHUHQWUHJLPHVFRXOGDIIHFWDURPDUHOHDVHE\SURGXFLQJDUHDVRI
KLJK DQG ORZ FRQFHQWUDWLRQWKURXJKRXW WKH VDPSOH 6HFWLRQ )ROORZLQJRQ
IURP WKLV WZR PHWKRGV IRU GLVSHUVLQJ DURPD FRPSRXQGV LQWR \RJKXUW ZHUH
LQYHVWLJDWHG 7KHVH ZHUH WKH XVH RID VWDQGDUG RYHUKHDG VWLUUHU 267 %DVLF
<HOORZOLQH 6WDXIHQ *HUPDQ\ DQG D VWDWLF PL[HU V\VWHP GHYHORSHG E\
%LUPLQJKDP 8QLYHUVLW\ 7KH VWLUUHU FRQVLVWHG RI D PRYLQJ EODGH ZLWKLQ WKH
VDPSOLQJ YHVVHO WR GLVSHUVH DQ DURPD SKDVH LQWR WKH EXON \RJKXUW SKDVH 7KH
VWDWLF PL[HU V\VWHP DV GHVFULEHG LQ &KDSWHU  ZDV FRPSULVHG RID QXPEHU RI
VWDWLFPL[LQJEODGHV.HQLFVWKURXJKZKLFKWZR IORZV RI\RJKXUWZHUHSXPSHG
WRLQFUHDVHWKHOHYHORIPL[LQJ
4.1 Effect of Stirring of Yoghurt 
7KH PHWKRGRORJ\ IRU FDUU\LQJ RXW VWDWLF HTXLOLEULXP KHDGVSDFH DQG EUHDWKE\
EUHDWK DQDO\VLV RI\RJKXUW VDPSOHV LV GHVFULEHG LQ &KDSWHU DQG WKH LPSRUWDQW
LRQV WR EH DVVHVVHG DUH GHVFULEHG LQ 6HFWLRQ  7KH \RJKXUW XVHG ZDV <HR
9DOOH\ 1DWXUDO %LR 2UJDQLF <RJKXUW &DQQLQJWRQ 6RPHUVHW 8. DQG KDG DQ

&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
RYHUDOO IDW FRQWHQWRI %. 6XFURVH  %) ZDVSUHPL[HGLQWR WKH \RJKXUWSULRU
WR VWLUULQJ WR LPSURYH VDPSOHSDODWDELOLW\ 7KH IODYRXU DGGHGZDV D FRPPHUFLDO
VWUDZEHUU\ IODYRXU ZKLFK KDG EHHQ SUHGLVVROYHG LQ D SURS\OHQH JO\FROZDWHU
PL[WXUH  DQG DGGHG WR VWUDLQHG FRPSRWH <HR 9DOOH\ &DQQLQJWRQ




WLPHV 7KH\VKRZWKDWDW VKRUWPL[LQJ WLPHSHULRGV  VHFRQGV WKH FRPSRWH
IODYRXU PL[WXUH ZDV FRQFHQWUDWHG WRZDUGV WKH VXUIDFH RIWKH VDPSOHV ZKHUHDV
LQFUHDVLQJ WKH PL[LQJ WLPH XS WR  VHFRQGV WKH \RJKXUW DQG FRPSRWHSKDVHV
EHFDPH PRUH KRPRJHQRXV 7KLV LQFUHDVH LQ KRPRJHQHLW\PHDQV WKDW WKH DURPD
FRPSRXQGV ZRXOG EH EHWWHU GLVSHUVHG WKURXJKRXW WKH PDWUL[ +RPRJHQHLW\ LQ
WKLV LQVWDQFH LV UHODWHG WR WKH DSSHDUDQFH RIWKH V\VWHP ZLWK D JUHDWHU OHYHO RI
PL[LQJDFKLHYHGEHWZHHQWKH\RJKXUWDQGFRPSRWHSKDVHVZLWKLQFUHDVHGPL[LQJ
WLPH 7KLV LV LQGLFDWHGE\WKH LQFUHDVHV LQ FRORXUGLVSHUVLRQREVHUYHGLQ ILJXUHV
 DQG  It LV LPSRUWDQW WR QRWH DW WKLV VWDJH WKDW DOWKRXJK WKH VDPSOHV ZLOO
DSSHDU WR EH PRUH PL[HG WKH LQFUHDVHG PL[LQJ PD\ RQO\ VHUYH GLVSHUVH WKH
FRPSRWHSKDVH WKURXJKRXW WKH \RJKXUWSKDVHSURGXFLQJDELSKDVLF V\VWHPIURP
ZKLFKDUDQJHRIPROHFXOHV QRWRQO\DURPDFRPSRXQGVZLOO GLIIXVH 7KLVPD\
KDYH LPSOLFDWLRQV IRU DURPD UHOHDVH EXW WKH OHYHO RIGLVSHUVLRQ ZLOO VWLOO EH
LQFUHDVHGE\LQFUHDVLQJWKHVWLUULQJWLPH
9RODWLOHUHOHDVHZDVPHDVXUHGLQ WZRZD\VILUVWE\VWDWLFHTXLOLEULXPKHDGVSDFH
DERYH VWLUUHG \RJKXUW DQG VHFRQG E\ PRQLWRULQJ UHOHDVH in vivo GXULQJ HDWLQJ
7ZRPDUNHULRQVP]DQG 6HFWLRQZHUHPRQLWRUHGWRIROORZUHOHDVH
RIHWK\OEXW\UDWH DQGHWK\O DFHWDWH UHVSHFWLYHO\ 5HOHDVH GDWDZDV QRUPDOLVHG WR
WKHPRVWGLVSHUVHGPL[HGVDPSOH
It ZDV K\SRWKHVLVHG WKDW PL[LQJ ZRXOG UHGXFH KHDGVSDFH FRQFHQWUDWLRQV DV WKH
YRODWLOH FRPSRXQGV ZHUH PL[HG IURP WKH VXUIDFH LQWR WKH EXON RIWKH \RJKXUW 
&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ




















)LJXUH  VKRZV WKH VWDWLF KHDGVSDFH FRQFHQWUDWLRQ DERYH WKH VDPSOHV DIWHU
HTXLOLEUDWLRQDW&IRU DQGKRXUV7KHUHVXOWV LQGLFDWHWKDWLQFUHDVHGPL[LQJ
WLPH UHGXFHG WKH OHYHOVRIYRODWLOH FRPSRXQGWKDWZHUHDEOHWR SDUWLWLRQLQWR WKH
JDV SKDVHGXULQJWKHHTXLOLEUDWLRQSHULRG /RZOHYHOVRIPL[LQJ(1 VHFRQGV
VKRZHG VLJQLILFDQWO\ KLJKHU KHDGVSDFH OHYHOV WKDQ WKH KRPRJHQRXV VDPSOHV
 VHFRQGV 7KLV GHPRQVWUDWHV WKDW LQFUHDVHGPL[LQJWLPH LQIOXHQFHV WKH
GLVSHUVLRQ RIWKH YRODWLOH FRPSRXQGV DQG WKHLU DELOLW\ WR SDUWLWLRQ LQWR WKH JDV
SKDVH

I  (WK\O ; ~ ~ t a t e - 1 1 K- ~ f l e r r VWLUULQJ 
 (WK\OEXW\UDWHKDIWHUVWLUULQJ 
 (WK\ODFHWDWHKDIWHUVWLUULQJ
j " " " * = - ~ t h y l l b u t y r a t e l ? ~ ~ DIWHUBVWLUULQJ-
0 + - - - - - - - - - ~ - - - - - - ~ - - - - - - - - ~ - - - - - - - - . - - - - - - - - . .
     
0L[LQJ7LPHVHFRQGV
)LJXUH  (IIHFW RI VWLUULQJ WLPH RQ WKH VWDWLF KHDGVSDFH FRQFHQWUDWLRQ DERYH
\RJKXUWVDPSOHVDIWHUVWRUDJH& IRUKRXURUKRXUV'DWDQRUPDOLVHGWR
VHFRQG VDPSOH 0HDQ RI WKUHH UHSOLFDWHV (UURU EDUV UHSUHVHQW ±  VWDQGDUG
GHYLDWLRQ
7KH KHDGVSDFH GHFUHDVHG ZLWK VWRUDJH WLPH GHVSLWH EHLQJ KHOG LQ D VHDOHG
FRQWDLQHU 7KLV VXJJHVWV D VORZHTXLOLEUDWLRQRIWKH YRODWLOH FRPSRXQGEHWZHHQ




GLIIHUHQFHV RFFXU IRU WKH VKRUWHU PL[LQJ WLPHV 7KLV LV OLNHO\ WR EH GXH WR WKH
LQFUHDVHGGLVSHUVLRQRIWKHDURPDFRPSRXQGV7KHGDWDDSSHDUV WR VKRZWKDWWKH
VDPSOHV EHFRPH PRUH VLPLODU LH D UHGXFWLRQ LQ WKH GLIIHUHQFHV EHWZHHQ WKH
PRVW DQG OHDVW PL[HG VDPSOHV ZLWK LQFUHDVHG HTXLOLEUDWLRQ WLPH DQG WKLV
VXJJHVWV WKDW HYHQWXDOO\ WKH VDPSOHV PD\ UHDFK WKH VDPH FRQFHQWUDWLRQV LQ WKH
KHDGVSDFH IRU DOO WKH VDPSOHV 7KLV PD\ KRZHYHU UHTXLUH D PXFK ORQJHU
HTXLOLEUDWLRQWLPH WKDQZDVREVHUYHGLQ WKLV FDVHDQGWKLVPD\KDYHLPSOLFDWLRQV
IRU VWRUDJH RIWKHVH W\SHV RISURGXFWV ,Q D UHDO VLWXDWLRQ ZKHUH D FRQVXPHU
ZRXOG DGG WKHLU FRPSRWH GLUHFWO\ WR WKH \RJKXUWSULRU WR FRQVXPSWLRQ WKHQ WKLV
VWRUDJH ZRXOG QRW EH UHOHYDQW KRZHYHU IURP D SURGXFWLRQ SRLQW RIYLHZ LH
DGGLWLRQDW IDFWRU\ OHYHOZKHUHWLPHEHWZHHQPL[LQJDQGFRQVXPHUFRQVXPSWLRQ
LV PHDVXUHG LQ GD\V WKHVH UHGXFWLRQV PD\ LQIOXHQFH WKH ILQDO SURGXFW
H[SHULHQFHGE\WKHFRQVXPHU
'LIIHUHQFHV ZHUH DOVR QRWHG EHWZHHQ HWK\O DFHWDWH DQG HWK\O EXW\UDWH ,QLWLDOO\
WKHVHPLJKWEHGXHWRGLIIHUHQFHVLQSDUWLWLRQFRHIILFLHQWEXWWKHIDFW WKDWWKHWZR
FRPSRXQGV UHDFK D FRPPRQ FRQVWDQW OHYHO ZLWK VWLUULQJ WLPH VXJJHVWV D VORZ
VROXELOLVDWLRQ ZLWK VWLUULQJ DV WKH FRPSRXQGV GLVSHUVHG LQ WKH \RJKXUW SKDVHV
7KLV LV LQGLFDWHG E\ WKH IDFW WKDW LQFUHDVLQJ WKH PL[LQJ WLPH UHGXFHV WKH
FRQFHQWUDWLRQ LQ WKH KHDGVSDFH FORVHU WR WKDW RIWKH PRVW PL[HG VDPSOH 
VHFRQGV ,I WKLV LV WKH PHFKDQLVP WKHQ WKH PRUH K\GURSKLOLF HWK\O DFHWDWH
GLVSHUVHV LQWKHELSKDVLFV\VWHPIDVWHUWKDQWKHPRUHK\GURSKRELFHWK\OEXW\UDWH
7KLV LV ORJLFDO DV WKH HWK\O EXW\UDWH ZLOO KDYH WR WUDQVIHU WKURXJK ZDWHU LQWR IDW
DQG WKH UDWHOLPLWLQJ IDFWRU LV OLNHO\ WR EH PDWUL[ VROXELOLW\ 5HOHDVH RIDURPD
FRPSRXQGV IURP ORZIDW \RJKXUWV KDV EHHQ VKRZQ WR LQFUHDVH WKH LQWHQVLW\DQG
GHFUHDVH WKH WLPH WDNHQ WR UHDFK WKLV PD[LPXP LQWHQVLW\ IRU K\GURSKRELF
FRPSRXQGV %UDXVV et a!.  0HDVXUHPHQWV RIZDWHU DFWLYLW\ ZRXOG KDYH






VKRXOG EH FRQVLGHUHG 6XJDU ZDV DGGHG WR \RJKXUWV DW   ORDGLQJ EXW WKH
FRQFHQWUDWLRQ LQ WKH DTXHRXV SKDVHZLOO EHKLJKHUDIWHU WDNLQJ LQWR DFFRXQW IDW
 RR DQGVROLGVFRQWHQW(1   7KXVWKH VXJDUFRQWHQWLV WKHDTXHRXVSKDVH
LV DERXW(1 %). 7KHUHDUHPDQ\UHSRUWVRIVROXWHVOLNHVXJDUDIIHFWLQJSDUWLWLRQ
RIYRODWLOH FRPSRXQGV EXW VLJQLILFDQW HIIHFWV DUH XVXDOO\ VHHQ ZKHQ WKH VXJDU
FRQWHQW LV JUHDWHU WKDQ   ,Q WKLV FDVH WKH KHDGVSDFH FRQFHQWUDWLRQ LV
VLJQLILFDQWO\KLJKHUS IRU HWK\OEXW\UDWHDW VKRUWHUPL[LQJWLPHV WKDQ IRU
HWK\O DFHWDWHDOWKRXJKWKLV LV QRWWKHFDVHIRU ORQJHUPL[LQJWLPHV S! 7KLV
PD\ EH GXH WR WKH HIIHFWV RIVXFURVH RQ WKH GLIIHUHQW FRPSRXQGV ZLWK VXFURVH
LQFUHDVLQJWKHSDUWLWLRQRIHWK\OEXW\UDWHWRDODUJHUH[WHQWWKDQHWK\ODFHWDWH7KLV
LV VXSSRUWHGVOLJKWO\E\WKHZRUNRI1DKRQeta!. 7KH\VKRZHGOHVVHIIHFW
RIVXFURVH FRQFHQWUDWLRQV RQ HWK\O DFHWDWH LQFUHDVH ZLWK  VXFURVH VROXWLRQ
VKRZLQJRQO\ % LQFUHDVHLQJDVVROXWLRQSDUWLWLRQFRHIILFLHQWIRUHWK\ODFHWDWH
EXW D   LQFUHDVH IRU HWK\O EXW\UDWH 7KLV UHGXFWLRQ LQ VDOWLQJ RXW EHKDYLRXU
PD\SDUWLDOO\H[SODLQZK\HWK\OEXW\UDWHKDVDKLJKHUUHODWLYHFRQFHQWUDWLRQWKDQ
HWK\O DFHWDWHDWVKRUWHUPL[LQJWLPHV 7KLV PD\EHRQHH[SODQDWLRQKRZHYHU WKH
SUHVHQFHRIWKH IDWSKDVHVKRXOGOHDGWR DKLJKHUUHWHQWLRQRIHWK\OEXW\UDWHWKDQ
ZDV REVHUYHG IURP WKHVH UHVXOWV $ SRWHQWLDO UHDVRQ EHKLQG WKH KLJKHU UHODWLYH




4.1.2 In vivo Release from Stirred Yoghurt 
+DYLQJVWXGLHGWKHKHDGVSDFHDERYH\RJKXUWVDWWHQWLRQQRZWXUQHGWRWKHHIIHFWV
RIVWLUULQJ DQG DURPD GLVWULEXWLRQ RQ UHOHDVH in vivo. )LJXUH  VKRZV WKH ,PD[
YDOXHV IURP \RJKXUWV VWLUUHG IRU  VHFRQGV IRU  GLIIHUHQWSDQHOOLVWV (DFK
SDQHOOLVWYDOXHZDVDQDYHUDJHRI VSRRQIXOV IURP WKH VDPHVDPSOHSRWVRHDFK
SRLQWUHSUHVHQWV WKH DYHUDJHRI VDPSOHV 3DQHOOLVWGDWDZDVQRUPDOLVHGWR WKH

&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
PRVW PL[HG VDPSOH OLNHO\ WR KDYH WKH ORZHVW OHYHO RIYDULDWLRQ WR UHGXFH WKH
HIIHFWV RI LQWHU SDQHOOLVW YDULDWLRQ 1RUPDOLVHG YDULDWLRQ ZDV EDVHG RQ WKH
FRHIILFLHQWRIYDULDWLRQPXOWLSOLHGE\WKHQRUPDOYDOXHV 7KHPHDQSDQHOOLVWGDWD
SURGXFHG D FRHIILFLHQW RI YDULDQFH FY  IRU HDFK VDPSOH DQG WKLV ZDV
PXOWLSOLHGE\ WKH QRUPDOLVHGYDOXHV WR SURGXFH D QRUPDOLVHGYDULDWLRQ IRU HDFK
VDPSOH 6LPLODUUHVXOWV ZHUH REVHUYHG LQ WKH WUHQGV IRU LQGLYLGXDOSDQHOOLVWV EXW
WKH GDWD ZDV QRUPDOLVHG GXH WR WKH KLJK YDULDWLRQV LQ DURPD UHOHDVH LQWHQVLW\
EHWZHHQSDQHOOLVWVUDWKHUWKDQEHWZHHQVDPSOHV
7KH UHVXOWV VKRZWKDWRYHUDOO WKHUHZDVQR VLJQLILFDQWGLIIHUHQFH S LQ WKH
LQWHQVLW\RIUHOHDVH IRU HLWKHURIWKHFRPSRXQGV 7KLV LQGLFDWHVWKDWDOWKRXJKWKH
OHYHO RIPL[LQJ YDULHG VLJQLILFDQWO\ WKLV KDG OLWWOH HIIHFW RQ WKH UHOHDVH RIWKH
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0L[LQJWLPHVHHV
)LJXUH (IIHFWRIVKRUW WHUP VWLUULQJWLPHV UDQJLQJ IURP  VHFRQGV RQ WKH
,PD[ RI DURPDUHOHDVHin vivo IURP\RJKXUWV'DWDQRUPDOLVHGWRVHFRQGVDPSOH
IRUHDFKSDQHOOLVW)RXUSDQHOOLVWVHDFKFRQVXPLQJUHSOLFDWHV
7KH VDPSOH VWLUUHG IRU  VHFRQGV VKRZV D KLJKHU OHYHO RIDURPD UHOHDVH WKDQ
ZRXOGEHH[SHFWHGLIWKHWUHQGWRZDUGVDORZHULQWHQVLW\RIUHOHDVHZLWK LQFUHDVHG
PL[LQJ WLPH LV WKH FDVH ,Q IDFW  WKH GDWD VKRZV WKDW RYHUDOO WKHUH LV YHU\ OLWWOH
LQIOXHQFH RQ WKH OHQJWK RIWKH VWLUULQJ WLPH RQ WKH RYHUDOO LQWHQVLW\ RIDURPD
UHOHDVH HYHQ DIWHU  VHFRQGV <RJKXUW LV NQRZQ WR VKHDUWKLQ EXW YLVFRVLW\
QRUPDOO\ UHFRYHUVZLWKWLPH It LV SRVVLEOHWKDWLQWKLV FDVHWKDWWKHUH LV DQHIIHFW
RI\RJKXUW VWUXFWXUH RQ WKH DPRXQW RIDURPD UHOHDVHG DV VRPH RIWKH SDQHOOLVWV
QRWHG WKDW WKH  VHFRQG VDPSOH QRW RQO\ DSSHDUHG WR EH OHVV YLVFRXV EXW DOVR
WKDW WKH IODYRXU ZDV PRUH LQWHQVH 7KH PDLQ FKDQJH LQ WKH VDPSOHV GXH WR
LQFUHDVHG PL[LQJ WLPH ZLOO EH WKH UHGXFWLRQ LQ YLVFRVLW\ KRZHYHU &RRN et al. 
&RRN et al. E GHPRQVWUDWHG WKDW DURPD UHOHDVH LQWHQVLW\ in vivo ZKHQ
PHDVXUHGE\$3FL06ZDVXQDIIHFWHGE\WKHYLVFRVLW\LQGXFHGE\WKLFNHQHUVEXW
D VXEVHTXHQWZDVREVHUYHGLQ WKHSHUFHSWLRQ 7KLVPD\ H[SODLQZK\WKH VDPSOHV
DSSHDUHGWR EHPRUH LQWHQVH LQ WKLV H[SHULPHQWGXH WR WKH UHGXFWLRQ LQ YLVFRVLW\






WKLV ZLOO DIIHFW LWV VWUXFWXUH DQG UHOHDVH SURSHUWLHV %HQH]HFK DQG 0DLQJRQQDW
 VKRZHGWKDW VWLUULQJRIFRPPHUFLDO\RJKXUWV VKRZHGYLVFRVLW\GHFOLQH WR
DQ HTXLOLEULXP DW DERXW  VHFRQGV 7KLV FRUUHVSRQGV ZHOO WR RXU GDWD ZKLFK
VKRZVDUHGXFWLRQLQKHDGVSDFHFRQFHQWUDWLRQDVWKHPL[LQJWLPHLQFUHDVHG
6HQVRU\VWXGLHVKDYHVKRZQWKDWLQFUHDVHG\RJKXUWWKLFNQHVVUHGXFHGDSSOHQRWHV
LQ \RJKXUW .RUD et al.  \HW %UHQQDQ et al.  VKRZHG WKDW \RJKXUW
WKLFNQHVV GLG QRW DIIHFW IODYRXU LQWHQVLW\ H[SHULHQFHG E\ FKLOGUHQ IURP 
UHDO

IODYRXUV &RRN et al. D GHPRQVWUDWHG WKDW DOWKRXJK DURPD UHOHDVH ZDV
XQDIIHFWHGE\YLVFRVLW\RIVROXWLRQV WKHSHUFHSWLRQZDV UHODWHGWR WKH RUDO VKHDU
VWUHVV RIWKH VROXWLRQ 7KLV VXJJHVWV WKDW DOWKRXJK WKH DURPD UHOHDVH GDWD VKRZV
QRGLIIHUHQFHVLQUHOHDVHFKDQJHVLQWKHRUDOVKHDUVWUHVVRIWKH\RJKXUWPD\KDYH
DVLJQLILFDQWHIIHFWRQWKHLQWHQVLW\RISHUFHSWLRQ
7R LQYHVWLJDWHWKHSRWHQWLDO VKHDUWKLQQLQJHIIHFWIXUWKHU \RJKXUWZDV VWLUUHGIRU
WLPHV EHWZHHQ  DQG VHFRQGV VKRZQ LQ)LJXUH )LJXUH VKRZV WKH




ZRXOG VKRZ QR HIIHFWV RQ UHOHDVH EHFDXVH DW  VHFRQGV WKH VKRUWHVW WLPH
SHULRG WHVWHG WKH VDPSOH DSSHDUV WR KDYH KRPRJHQRXV FRORXU GLVWULEXWLRQ
KHQFHIODYRXUDQGOLPLWHGUHGXFWLRQVLQYLVFRVLW\DWORQJHUWLPHSHULRGV
$ FDYHDW WR PHQWLRQ DW WKLV SRLQW LV WKDW DOWKRXJK WKH IODYRXU LV DVVXPHG WR EH
KRPRJHQRXVO\GLVWULEXWHG LQ WKLV V\VWHPWKH WHUPKRPRJHQRXV LV DUHODWLYHWHUP




RWKHU PROHFXOHV ZLOO EH VXEMHFW WR SDUWLWLRQ LQWR HDFK SKDVH +RZHYHU IRU WKH
SXUSRVHV RIWKLV VWXG\ ZKHUH WKH H[WHQW RIPL[LQJ LV WKH LPSRUWDQW DVSHFW WKH
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)LJXUH  (IIHFW RI ORQJHU VWLUULQJ WLPHV RQ ,PD[ RIUHOHDVH IURP \RJKXUW 'DWD
1RUPDOLVHGWRVHFRQGVDPSOH)RXUSDQHOOLVWVFRQVXPLQJWKUHHUHSOLFDWHVHDFK
7KH WLPH WR PD[LPXP LQWHQVLW\ 7PD[ YDOXHV DOO RFFXUDW YDOXHV  PLQXWHV
DQG VKRZ QR GLIIHUHQFH EHWZHHQ VDPSOHV 7KH UDSLG SURFHVV RI \RJKXUW
FRQVXPSWLRQ ZKHUHE\ WKH VDPSOH LV WDNHQ LQWR WKH PRXWK PRYHG DURXQG DQG
UDSLGO\VZDOORZHGFRXOGDFFRXQWIRUWKLV
2YHUDOO QR VLJQLILFDQW GLIIHUHQFHV LQ WKH LQWHQVLW\ RI UHOHDVH in vivo, ZHUH
REVHUYHG IRU HLWKHURIWKH WZR PDUNHUFRPSRXQGV IRU DQ\ RIWKH PL[LQJ WLPHV
LQYHVWLJDWHG $Q LPSRUWDQW FRQVLGHUDWLRQ LQ WKLV H[SHULPHQW ZDV WKH SDQHOOLVW
VHOHFWLRQRIWKH VDPSOH ,IUHJLRQV IURPWKHVXUIDFHDUH VHOHFWHGWKHQLWZRXOGEH




YDOXHV LW LV SRVVLEOH WKDW WKH DYHUDJH RIWKH  VSRRQIXOV IRU HDFK VDPSOH LV
PDVNLQJWKHGLIIHUHQFHVLQPL[LQJSHUVSRRQIXO
4.1.3 Sample Variation 
9DULDWLRQ EHWZHHQ VDPSOHV 7DEOH  ZDV H[SHFWHG WR VKRZ WKDW DV DURPD
GLVWULEXWLRQ EHFDPH PRUH KRPRJHQRXV VDPSOHV ZRXOG VKRZ D KLJKHU
FRQVLVWHQF\ RIUHOHDVH DQG WKXV OHVV YDULDWLRQ EHWZHHQ UHSOLFDWHV 7KH UHVXOWV
FRQILUP WKLV K\SRWKHVLV ,I WKH V\VWHP LV PRUH KRPRJHQRXV WKHQ WKH
FRQFHQWUDWLRQRIDURPD FRPSRXQGVSHUVSRRQIXO LV OLNHO\ WR EH PRUH FRQVLVWHQW
DQGWKHGLIIHUHQFHEHWZHHQWKHWRWDOYRODWLOHFRQFHQWUDWLRQVRIHDFKVSRRQIXOZLOO
EH UHGXFHG &RPSDULQJ WKLV ILQGLQJ WR WKH KHDGVSDFH FRQFHQWUDWLRQV LQGLFDWHV
WKDW HWK\O DFHWDWH SRWHQWLDOO\ KDV D EHWWHU VROXELOLW\ LQ WKH \RJKXUW SKDVH WKDQ
HWK\OEXW\UDWH 7KHFRHIILFLHQWVRIYDULDQFHGHPRQVWUDWHWKLVE\VKRZLQJDORZHU
SHUFHQWDJH YDULDWLRQ IRU HWK\O DFHWDWH FRPSDUHGWR HWK\O EXW\UDWH 7KLV VXJJHVWV
WKDWWKH DURPDLV EHWWHUGLVSHUVHGWKURXJKRXWWKH\RJKXUWDQGWKDWHDFKVSRRQIXO
KDV DPRUHFRQVLVWHQWOHYHORIDURPD 7KH ORZHUYDULDWLRQLV VXUSULVLQJDV LW ZDV
H[SHFWHG WKDW HWK\O EXW\UDWH ZRXOG EHFRPH PRUH VROXEOH LQ WKH \RJKXUW SKDVH
ZLWK LQFUHDVHGPL[LQJEXWWKH HIIHFWV RQ HWK\O DFHWDWHZRXOGEHPLQLPDO GXH WR
LWV ORZHU IDW VROXELOLW\ /H 4XHUH 3HUVRQDO &RPPXQLFDWLRQ /H 4XHUH HW DO
VKRZHG WKDW WKH SHUFHQWDJH UHWHQWLRQ RIHWK\O DFHWDWH HWK\O EXW\UDWH DQG HWK\O
KH[DQRDWH VKRZHGVLJQLILFDQWLQFUHDVHVIRUHWK\OEXW\UDWHDQGHWK\OKH[DQRDWH LQ
 IDW \RJKXUWFRPSDUHGWR  IDW (WK\O DFHWDWH UHWHQWLRQVKRZHGYLUWXDOO\QR
FKDQJH
+RZHYHU WKHUHVXOWV LQWKLVFDVHVXJJHVWWKDWHWK\ODFHWDWHKDVDEHWWHUGLVSHUVLRQ
LQ WKH \RJKXUWFRPSRWH PL[HG V\VWHP ZKLFK VXJJHVWV WKDW WKH OHYHO RIPL[LQJ
WLPH LV LPSRUWDQW IRU HQVXULQJ D EHWWHU GLVWULEXWLRQ RI DURPD FRPSRXQGV
WKURXJKRXWWKHELSKDVLFV\VWHP ,QFUHDVHGPL[LQJWLPHDOVRUHGXFHVWKHYDULDWLRQ
EHWZHHQ VDPSOHV IRU HWK\O EXW\UDWH DJDLQ VXJJHVWLQJ D EHWWHU GLVSHUVLRQ An 
117 
&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
LQIOXHQFHRIWKH IDW SKDVHPD\DOVREHSOD\LQJDUROHDV DKLJKHUDPRXQWRIHWK\O
EXW\UDWHZLOOEHDEOHWRSDUWLWLRQLQWRWKHIDWSKDVHLQDPRUHPL[HGV\VWHP
7DEOH  7DEOH RIDYHUDJH FRHIILFLHQWV RIYDULDQFH IRU in vivo DURPD UHOHDVH DW
VWLUULQJWLPHV  VHFRQGVIRU WZRGLIIHUHQWDURPDFRPSRXQGV'DWDDUHPHDQ
YDOXHVIURPSDQHOOLVWVHDFKFRQVXPLQJUHSOLFDWHV
0L[LQJ7LPHVHFRQGV
$URPD      &RPSRXQG   
(WK\O         DFHWDWH
(WK\O         EXW\UDWH
 (IIHFWRIWKH)LUVW6SRRQIXO
7KH GHFOLQH LQ YDULDWLRQ ZLWK LQFUHDVHG PL[LQJ WLPH VXJJHVWHG WKDW WKH PRUH
KRPRJHQRXV VDPSOHV KDG PRUH FRQVLVWHQW UHOHDVH +RZHYHU WKH DYHUDJH
YDULDWLRQPHDVXUHGZDVEDVHGRQWKHYDULDWLRQEHWZHHQUHSOLFDWHVDPSOHV$V WKH
PL[LQJSDWWHUQVZHUHYDVWO\GLIIHUHQWLWLV OLNHO\WKDWWKHPRVWLPSRUWDQWLQGLFDWRU
RI WKH GLIIHUHQFHV EHWZHHQ WKH VDPSOHV ZRXOG EH WKH GLIIHUHQFHV LQ UHOHDVH
EHWZHHQWKHILUVW VDPSOLQJHYHQWRULQWKLVFDVHWKHILUVW VSRRQIXO It ZDVWKRXJKW
WKDWWKLVZRXOGJLYHDQLQGLFDWLRQRIWKHPL[HGUHOHDVHZLWKRXWDGGLWLRQDOPL[LQJ
IURPWKHVSRRQ
)LJXUH  VKRZV WKDW WKHUH ZDV D KLJKHU LQWHQVLW\ RIUHOHDVH IRU OHVV PL[HG
V\VWHPV ZLWK D WUHQG WRZDUGV GHFOLQLQJ LQWHQVLW\ WR  VHFRQGV RIVWLUULQJ
+RZHYHU WKLV LVQRWDVLJQLILFDQWGLIIHUHQFHDQGLVPHUHO\DWUHQGLQWKHGDWDVHW
7KLV ZDV GXH WR WKHSUREDELOLW\WKDWWKH VSRRQIXORI\RJKXUWZDV WDNHQ IURP WKH
VXUIDFH 7KHVXUIDFHZDV WKHUHJLRQZKHUHWKHDURPDZDVPRVWFRQFHQWUDWHG IRU
WKH VDPSOHV ZLWK VKRUWHU PL[LQJ WLPHV DQG WKXV WKH FRQFHQWUDWLRQ RIDURPD




ZDV KLJKHU DQG LW KDV EHHQ VKRZQ WKDW LQFUHDVLQJ DURPD FRQFHQWUDWLRQ LQ D
VDPSOH FDXVHG D OLQHDU LQFUHDVH LQ WKH LQWHQVLW\ RIWKH DURPD GHOLYHUHG WR WKH
QDVDO HSLWKHOLD DV ORQJ DV WKH PDWUL[ LWVHOI ZDV FRQVLVWHQW It LV WKHUHIRUH

LPSRUWDQW WR QRWH LQ QRQKRPRJHQRXV V\VWHPV WKDW WKH SRLQW RI VDPSOLQJ LV
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0L[LQJ7LPHVHFRQGV
)LJXUH  (IIHFW RIVW VSRRQIXO RQ WKH FRQFHQWUDWLRQ RIDURPD UHOHDVHG in vivo. 
'DWD QRUPDOLVHG WR  VHFRQG VDPSOH 'DWD IURP IRXU SDQHOOLVWV FRQVXPLQJ RQH
UHSOLFDWH(UURUEDUVUHSUHVHQWQRUPDOLVHGVWDQGDUGGHYLDWLRQ
 (IIHFWRI&RPSRWHRQ5HOHDVH
7KHVH LQLWLDO VWXGLHV LQYROYHG WKH XVH RIFRPSRWH DV D YHKLFOH IRU WKH GLVVROYHG
DURPD 7KLV FRPSRWH SKDVH FRQWDLQHG D UDQJH RI RWKHU PROHFXOHV LQFOXGLQJ
VXJDUV SHFWLQVDQGDFLGVZKLFKZRXOG LQIOXHQFHWKH YLVFRVLW\DQGWKH UHOHDVHRI
DURPD FRPSRXQGV ,Q RUGHU WR HOLPLQDWH WKH HIIHFW RIWKH FRPSRWH WKH DURPD




RIWKH \RJKXUW VDPSOHV ZKLFK PD\SOD\DSDUW LQ WKH UHWHQWLRQRIWKH VWUDZEHUU\
IODYRXU
)LJXUHVKRZVWKDWWKHUHZDVDJUHDWHUWUHQGWRZDUGVDGHFUHDVHLQ LQWHQVLW\RI
DURPD UHOHDVH ZLWK LQFUHDVHG PL[LQJ WLPH LQ WKH DEVHQFH RIWKH FRPSRWH 7KLV
PD\EHGXHWR WKHUHGXFHGYLVFRVLW\GXHWR WKHGLOXWLRQZLWKZDWHUZKLFKZRXOG
WKHUHIRUH UHGXFH WKH HIIHFWV RIYLVFRVLW\RQ PDVV WUDQVIHUDQGUHOHDVH 7KH PRUH
PL[HG VDPSOHV ZRXOG KDYH D ORZHU UHODWLYH UHGXFWLRQ LQ YLVFRVLW\ ZKLFK PD\
UHGXFHWKHUHOHDVHREVHUYHG
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7LPHVHFRQGV
)LJXUH (IIHFW RIUHSODFLQJ FRPSRWHZLWK ZDWHU RQ DURPD UHOHDVH in vivo IURP
GLIIHUHQWO\VWLUUHG\RJKXUWV0HDQVRIUHSOLFDWHVIRUSDQHOOLVWV
)LJXUH VKRZV WKDW WKHSUHVHQFHRIWKH FRPSRWH VKRZHGD VOLJKWUHGXFWLRQ LQ
WKH RYHUDOO FRQFHQWUDWLRQV RIDURPD FRPSRXQGV GHWHFWHG LQ QRVH KRZHYHU WKH
KLJKYDULDWLRQ GXH WRSDQHOOLVWYDULDELOLW\EHWZHHQWKH VDPSOHVPHDQV WKDWWKHVH
OHYHOV PD\QRWEHVLJQLILFDQW /XEEHUVet al.  VKRZHGWKDWWKHSUHVHQFHRI
SHFWLQUHGXFHGWKHKHDGVSDFHFRQFHQWUDWLRQRIVRPHDURPDFRPSRXQGVKRZHYHU
0HL et al.  VKRZHG WKDW WKH HIIHFWV RI D UDQJH RI WKLFNHQHUV GLG QRW
120 
&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
VLJQLILFDQWO\HIIHFWWKH UHOHDVHRIVWUDZEHUU\IODYRXUFRPSRXQGVZKHQ VWXGLHG in 
vivo XVLQJ375067KHUHVXOWVIURPRXUH[SHULPHQWVVXJJHVWWKDWFRPSRWHPD\
EHRQO\ VOLJKWO\UHGXFLQJWKHDURPDFRQFHQWUDWLRQGHWHFWHGDW WKHQDVDO HSLWKHOLD
WKLV LV XQOLNHO\ WR EH VLJQLILFDQW HQRXJK WR LQIOXHQFH WKH SHUFHSWLRQ $Q\
GLIIHUHQFHV LQ SHUFHSWLRQ ZRXOG WKHUHIRUH PRUH OLNHO\ EH GXH WR RWKHU VHQVRU\
SURSHUWLHVVXFKDV WKLFNQHVVRULQLWLDO VZHHWQHVVRIWKHVDPSOH6ZHHWQHVVPD\EH
DOWHUHGE\WKH VXJDUVEHLQJEHWWHUGLVSHUVHGWKURXJKRXW WKH V\VWHPDQG WKXV DOWHU
WKHIODYRXUSHUFHLYHGHVSHFLDOO\ZKHQRQO\WKHILUVWVSRRQIXOLV FRQVLGHUHG
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)LJXUH (IIHFWRIFRPSRWHRQ WKHPD[LPXPDURPD UHOHDVHLQWHQVLW\FRP SDUHGWR
VDPSOHVFRQWDL QLQJQRFRPSRWH
 &RQFOXVLRQ
5HVXOWV IURP VWLUUHG\RJKXUWV VKRZHGQR RYHUDOO LQIOXHQFHRIPL[LQJ WLPH RQ in 
vivo DURPD UHOHDVH IRU HLWKHU RI WKH PDUNHU FRPSRXQGV LQYHVWLJDWHG IRU D
VWUDZEHUU\IODYRXU +HDGVSDFHDQDO\VLV LQGLFDWHGWKDWHTXLOLEUDWLRQ LQ WKHV\VWHP
PD\ WDNH ORQJHU WKDQ RQH KRXU DQG WKDW LQFUHDVLQJ PL[LQJ WLPH UHGXFHG WKH
DPRXQW RIFRPSRXQG GHWHFWHG LQ WKH KHDGVSDFH ,QYHVWLJDWLRQ RIYDULDWLRQ DQG
12 1 
&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
WKH GDWD IRU WKH ILUVW VSRRQIXO VKRZHGWKH LPSRUWDQFHRIVDPSOH VHOHFWLRQ LQ WKLV
V\VWHP DQG GDWD IRU UHPRYDO RIWKH FRPSRWH LOOXVWUDWHG WKH LPSRUWDQFH RIWKH
SUHVHQFHRIVXJDUV
)XWXUH H[SHULPHQWV XVPJ D VWDWLF PL[HU V\VWHP ZLOO PP WR HOLPLQDWH WKLV
SDQHOOLVWFKRLFHRSWLRQE\SURYLGLQJPL[HGVDPSOHVHQWLUHO\LQ DVLQJOHVSRRQIXO
DQGUHGXFHGWKHOHYHORIVKHDUE\KDYLQJDVWDWLFV\VWHP
4.2 Effect of Static Mixer System on Mixing of Aroma into 
Yoghurt 
$ VWDWLF PL[HU V\VWHP ZDV GHYHORSHG LQ FROODERUDWLRQ ZLWK %LUPLQJKDP
&KHPLFDO (QJLQHHULQJ GHSDUWPHQW ZKHUHLQ D UDQJH RI.HQLFV PL[LQJ HOHPHQWV
ZHUH LQFRUSRUDWHG LQWR WKH V\VWHP 7KLV DOORZHGD FRQWUROOHGOHYHO RIPL[LQJ WR
RFFXUZKHUHE\WKHOHYHOVFRXOGEHTXDQWLILHGE\LPDJHDQDO\VLV DQGWKH OHYHO RI
PL[LQJ DOWHUHG 6WDWLF PL[HU V\VWHPV FRQVLVW RI D QXPEHU RI IL[HG PL[LQJ
HOHPHQWVZLWKLQDSLSHRUWXEH 7KHHOHPHQWVGR QRWPRYHEXWHQDEOHPL[LQJRI
IOXLGV E\FRPSOH[PRWLRQRIWKH IOXLGV LQGXFHGE\WKH VKDSHRIWKH HOHPHQWV ,Q
LQGXVWULDO SURFHVVHV WKH VWDWLF PL[HU V\VWHPV DUH JHQHUDOO\ XVHG WR SURGXFH
KLJKO\ KRPRJHQRXV V\VWHPV ZLWK PLQLPDO GHDG YROXPH 7KH\ DUH WKHUHIRUH
FRPPRQO\ XVHG LQ ZDVWHZDWHU WUHDWPHQW SODQWV ZKHUH LW LV HVVHQWLDO WKDW WKH
GLVLQIHFWLQJ IOXLGV DUH FRPSOHWHO\ PL[HG ZLWK WKH EXON IOXLGV IRU IXUWKHU
LQIRUPDWLRQ RQ VWDWLF PL[HUV VHH 6HFWLRQ  7KH XVH RIWKH VWDWLF PL[HU
V\VWHP LQWKLVFDVHZDVDOPRVWLQFRPSOHWHFRQWUDVWWRWKLVZKHUHE\WKHQXPEHU
RI HOHPHQWV ZDV VHOHFWHG VR WKDW D UDQJH RI LQKRPRJHQRXVO\ PL[HG EXW
FRQVLVWHQW VDPSOHV FRXOG EH SURGXFHG 7KLV V\VWHP ZRXOG KRZHYHU DOORZ WKH
PHDVXUHPHQWRIWKHGHJUHHRIKRPRJHQHLW\DQGKHQFHWKHGHJUHHRIPL[LQJWKDW




4.2.1 Effect of Element Number on in vivo Aroma Release 
<RJKXUW ZDV DJDLQ XVHG DV WKH IRRG PDWUL[ EHFDXVH LW KDG D VHPLVROLGQDWXUH
ZKLFK ZRXOG UHGXFH WKH OHYHO RIGLIIXVLRQ WKXV UHWDLQLQJ WKH PL[HGSDWWHUQ It 
DOVRSRVVHVVHGVXLWDEOHIORZSURSHUWLHVWRSDVVWKURXJKWKHPL[LQJHOHPHQWVDQG




PD[LPXP LQWHQVLW\ RIin vivo DURPD UHOHDVH It GHPRQVWUDWHV WKDW WKHUH LV QR
VLJQLILFDQWGLIIHUHQFHEHWZHHQWKHQXPEHURIHOHPHQWVDQGWKHLQWHQVLW\RIDURPD
FRPSRXQG UHOHDVH IRU HLWKHU WKH OLSRSKLOLF OLPRQHQH RU WKH OLSRSKRELF PHWK\O
DFHWDWH $QDO\VLV RI9DULDQFH $129$ LQGLFDWHV QR VLJQLILFDQW HIIHFWV RQ WKH
,PD[ IRUHLWKHUOLPRQHQHRUPHWK\ODFHWDWH3!2OEXWGRHVLQGLFDWHDVLJQLILFDQW
GLIIHUHQFH EHWZHHQ WKH UHVSRQVHV IRU HDFK SDQHOOLVW 3 7KHUHIRUH
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1XPEHURI6WDWLF0L[HU(OHPHQWV
)LJXUH  (IIHFW RI QXPEHU RI VWDWLF PL[HU HOHPHQWV RQ DURPD UHOHDVH IURP 
SDQHOOLVWV 'DWD LV QRUPDOLVHG WR WKH PRVW KRPRJHQRXV VDPSOH  HOHPHQWV IRU
HDFKSDQHOOLVW'DWDLV WKHPHDQRIUHSOLFDWHVIRUHDFKSDQHOOLVW
It ZDVSUHGLFWHGWKDW LIWKH VDPSOHZDV OHVVKRPRJHQRXV WKHQWKHUDWHRIDURPD
UHOHDVHZRXOGEHLQFUHDVHGOHDGLQJWR DQHDUOLHURFFXUUHQFHRI7PD[ Â +RZHYHUWKH
GDWD GRHV QRW VXSSRUW WKLV K\SRWKHVLV )LJXUH  VKRZV WKDW WKHUH LV QR
VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH QXPEHU RIPL[HU HOHPHQWV DQG WKH 7PD[ RI
UHOHDVH 3! 7KH GDWD ZDV DJDLQ QRUPDOLVHG EHFDXVH SDQHOOLVWV VKRZHG
VLJQLILFDQW GLIIHUHQFHV LQ LQWHQVLWLHV EHWZHHQ HDFK RWKHU 3222 7KHVH
GLIIHUHQFHV KDYH EHHQREVHUYHGSUHYLRXVO\ IRU SDQHOOLVWYDULDWLRQ 5REHUWV et al. 
 DQG0HL et al.  ERWKREVHUYHG LQWHUSHUVRQYDULDWLRQ LQ PD[LPXP
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0L[LQJ LQWHQVLWLHV PHDVXUHPHQWV ZHUH FDUULHG RXW E\ 9HUQ /HH DW %LUPLQJKDP
8QLYHUVLW\ XVLQJ D WHFKQLTXH EDVHG RQ IUHH]LQJ WKH VDPSOHV LQ OLTXLG QLWURJHQ
DQG DQDO\VLQJ WKH GHJUHH RIG\H PL[LQJ YLD LPDJH DQDO\VLV 6HFWLRQ 
'LJLWDO LPDJHV ZHUH WDNHQ DQG WKH GHJUHH RIPL[LQJ LQWHQVLW\ ZDV FDOFXODWHG
)LJXUH  FRQILUPV WKDW LQFUHDVLQJ WKH QXPEHU RI HOHPHQWV SURSRUWLRQDOO\
LQFUHDVHVWKHGHJUHHRIPL[LQJLQGLFDWHGE\DGHFUHDVHLQPL[LQJLQWHQVLW\7KLV
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1XPEHURI(OHPHQWV
)LJXUH  0L[LQJ LQWHQVLW\ 2LO VKRZLQJ WKH FRORXU LQWHQVLW\ RI G\H ZKHQ
PL[HG LQ YLD WKHVWDWLFPL[HUV\VWHPIRU DQ LQFUHDVLQJ QXPEHURIPL[LQJHOHPHQWV
 'DWD DUH SURSRUWLRQV RIWKH PD[LPXP PL[LQJ LQWHQVLW\ DQG DUH EDVHG RQ
DSSUR[LPDWHO\VFDQV
'HYHORSPHQWRIWKHPRGHOXVLQJ'HVLJQ([SHUWSURGXFHGWKHIROORZLQJHTXDWLRQ
IRU SUHGLFWLQJ WKH PL[LQJ LQWHQVLW\ ZLWK GLIIHUHQW QXPEHUV RI VWDWLF PL[LQJ
HOHPHQWV7KLVUHVXOWVKRZHGDQH[FHOOHQWFRUUHODWLRQEHWZHHQLQFUHDVLQJHOHPHQW
QXPEHUDQGGHFUHDVHLQPL[LQJLQWHQVLW\ZLWKDQ52 YDOXHRI(TXDWLRQ
(TXDWLRQ 0L[LQJ,QWHQVLW\ =  1XPEHURIHOHPHQWV
&RPSDULQJ WKLV UHVXOW WR WKH in vivo UHOHDVH GDWD VKRZHG WKDW DOWKRXJK WKH
KRPRJHQHLW\ RIWKH \RJKXUW VDPSOHV RQH FRQWDLQLQJ DURPD RQH ZLWKRXW ZDV
LQFUHDVHG WKH RYHUDOO HIIHFW RQ DURPD UHOHDVH GHWHFWHG ZDV QHJOLJLEOH 7KLV
VXJJHVWV WKDW WKH ULJRURXV LQ PRXWK PL[LQJ RI WKH VDPSOH RYHUFRPHV DQ\
HIIHFWV RI SUHPL[LQJ RI DURPD FRPSRXQGV 7KHVH H[SHULPHQWV ZHUH DOO




4.3 Effect of Layering on Aroma Release from a Semi-solid Gel 
Matrix 
7KH UHVXOWVSUHVHQWHG LQ WKHSUHYLRXV VHFWLRQVKRZHGWKDW WKH DURPDGLVWULEXWLRQ
LQ \RJKXUW KDG QR VLJQLILFDQW HIIHFW RQ DURPD UHOHDVH 7KH VKRUW LQ PRXWK
UHWHQWLRQWLPHDQGWKH UDSLGPL[LQJRIWKHDURPDDQGQRQDURPDUHJLRQVVKRZHG
QRVLJQLILFDQWHIIHFWVIRUGHOLYHU\
$PDWUL[ ZKLFKUHTXLUHGPRUHPDVWLFDWLRQ DQGKHQFHDORQJHUWLPH IRUYRODWLOH
GHOLYHU\ ZDV LQYHVWLJDWHG *HODWLQHVXFURVH JHOV ZHUH FKRVHQ EHFDXVH RIWKHLU
DELOLW\ WR EUHDNGRZQ GXULQJ PDVWLFDWLRQ WR UHOHDVH YRODWLOH FRPSRXQGV YLD
GLVVROXWLRQDQGSDUWLWLRQ+DUULVRQDQG+LOOV  *HODWLQHVXFURVHJHOVZHUHD
VXLWDEOH PDWUL[ WR SURGXFH VHSDUDWHO\ OD\HUHG VDPSOHV ZLWK QR PL[LQJ EHWZHHQ
WKHVXEVHTXHQWLQGHSHQGHQWOD\HUV6HFWLRQ
4.3.1 Aroma Release in vivo 
,WZDVSUHGLFWHGWKDWE\VHSDUDWLRQRIYRODWLOHFRPSRXQGVLQWRGLIIHUHQWOD\HUVWKH
VXUIDFHDUHDVDYDLODEOHIRU WKHLUUHOHDVHZRXOGEH DOWHUHGDQGWKXV WKHLUDELOLW\WR
SDUWLWLRQDQGEH UHOHDVHG $Q\FKDQJHV REVHUYHGZRXOGEH VKRZQE\DOWHUDWLRQV
LQ WKH ,PD[ DQGRU7PD[ RIWKHVDPSOHV9RODWLOHFRPSRXQGVZHUHSUHGLVVROYHGLQ
SURS\OHQH JO\FRO EHIRUH EHLQJ DGGHG WR WKH KRW JHODWLQHVXFURVH PL[WXUH DQG D
UDQJH RIVDPSOHV ZHUHSURGXFHGDV SHU6HFWLRQ 7ZR DURPDFRPSRXQGV
ZHUH FRPSDUHG OLQDORRO DQG PHWK\O DFHWDWH ZLWK YDU\LQJ SK\VLFRFKHPLFDO
SURSHUWLHV)LQDOFRQFHQWUDWLRQVZHUHQRUPDOLVHGIRUHDFKSDQHOOLVWWR UHGXFHDQ\
LQWHUSDQHOOLVW YDULDWLRQV DQG DOORZ WKH GDWD WR EH FRPSDUDEOH *HOV ZHUH
SUHSDUHG ZLWK OD\HUV RIDURPDWLVHG JHO GHQRWHG  DQG OD\HUV RIXQDURPDWLVHG
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Figure 4.12 ,PD[ data for aroma release from layered gels when consumed by 4 
panellists with three replicates each. Data normalised to 1111 sample. 
)LJXUH  VKRZV WKH PD[LPXP LQWHQVLWLHV RIUHOHDVH IURP D UDQJH RIOD\HUHG
JHOV 7KHUH ZHUH QR VLJQLILFDQWGLIIHUHQFHV 3! LQYRODWLOH UHOHDVH IURP WKH
VDPSOHV IRU HLWKHU OLQDORRO RU PHWK\O DFHWDWH 7KLV UHVXOW VXJJHVWV WKDW GXULQJ
FRQVXPSWLRQ WKH YRODWLOH FRPSRXQGV ZHUH EHLQJ UHOHDVHG E\ WKH VDPH
PHFKDQLVP ZLWK GLVVROXWLRQ DQGPHOWLQJRIWKH VDPSOHV FRQWUROOLQJ WKH UHOHDVH
RIWKH YRODWLOHV DV VXJJHVWHG E\ WKH PRGHO RI+DUULVRQ DQG +LOOV  7KH
GLIIHUHQWOD\HULQJSDWWHUQVDSSHDUWRKDYHQRHIIHFWRQWKHLQWHQVLW\RIWKLVUHOHDVH
ZKLFKPD\EHDWWULEXWHGWRWKHPDVWLFDWLRQDQGGLVVROXWLRQRIWKHVDPSOHV$VWKH
VXJDUFRQFHQWUDWLRQLQ WKHJHOV LV JUHDWHUWKDQWKHPHOWLQJWHPSHUDWXUHZLOO
EHDERYHWKHPRXWKWHPSHUDWXUH6HFWLRQDQGWKHUHIRUHWKHUDWHOLPLWLQJVWHS
IRU YRODWLOH UHOHDVH LV WKH GLIIXVLRQ RIVXFURVH IURP WKH VXUIDFH OD\HUV +DUULVRQ
DQG +LOOV  $V WKH VDPSOH LV PDVWLFDWHG WKH OD\HUV ZLOO EHFRPH GLVUXSWHG
DQGPDVVWUDQVIHUZLOORFFXUIURPDUDQJHRIJHOIUDJPHQWV 7KLVUDSLGLQFUHDVHLQ
VXUIDFHDUHDZLOO UHGXFHWKHWLPHWDNHQIRUJHOVWRGLVVROYHDQGSUREDEO\H[SODLQV
ZK\ QR GLIIHUHQFHV LQ UHOHDVH LQWHQVLW\ ZHUH REVHUYHG7KLV FRLQFLGHV ZLWK WKH
WKHRUHWLFDO PRGHO E\ +DUULVRQ  ZKLFK SUHGLFWV WKDW PDVWLFDWLRQ ZLOO

&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
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6DPSOH7\SH
)LJXUH  7PD[ GDWD IRU DURPD UHOHDVH IURP OD\HUHG JHOV ZKHQ FRQVXPHG E\ 
SDQHOOLVWVZLWKWKUHHUHSOLFDWHVHDFK'DWDQRUPDOLVHGWRVDPSOH
7KH7PD[ YDOXH)LJXUHDJDLQVKRZVWKDWWKHUHZDVQRVLJQLILFDQWGLIIHUHQFH
3! EHWZHHQ WKH GLIIHUHQW VDPSOHV IRU HLWKHUYRODWLOH FRPSRXQG 7KLV GDWD
LPSOLHV WKDW WKH UDWHV RI UHOHDVH RI WKH YRODWLOHV ZHUH VLPLODU DQG WKDW QR
VLJQLILFDQW HIIHFWV ZHUH FRQIHUUHG E\ WKH GLIIHUHQW OD\HULQJ SDWWHUQV $JDLQ WKH
UDWHOLPLWLQJ VWHS IRU DURPD UHOHDVH ZLOO EH GLVVROXWLRQ DQG GLIIXVLRQ RIVXJDUV




VXFURVH JHOV DQG HOLPLQDWHG DQ\ LPSDFW RIOD\HULQJ RIYRODWLOH FRPSRXQGV RQ
WKHLU LQWHQVLW\ RU WLPLQJ RIUHOHDVH 7KH G\QDPLF KHDGVSDFH ZDV PHDVXUHG WR

&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
DVVHVV WKH UHOHDVH RIYRODWLOHV LQ WKH DEVHQFH RIWKH FKHZLQJ DQG VZDOORZLQJ
HYHQWV DVVRFLDWHGZLWK in vivo FRQVXPSWLRQ 7KHVH HYHQWV DUH LPSRUWDQW in vivo 
IRU LQFUHDVLQJ VXUIDFH DUHD IRU UHOHDVH DQG SXPSLQJ RIYRODWLOHV LQWR WKH QDVDO
FDYLW\/D\HUHGJHO VDPSOHVZHUHDGGHGWR P/RIGLVWLOOHGZDWHUDW&DQG
VWLUUHG ZLWK D PDJQHWLF VWLUUHU DW  USP 6HFWLRQ  7KH VWLUULQJ ZDV WR
HQVXUHPRUHUDSLGGLVVROXWLRQRIWKHJHOVDPSOHVEXWGXHWR WKHORZVSHHGGLGQRW
FDXVHIUDJPHQWDWLRQRIWKHJHOV
)LJXUH  VKRZV WKDW WKH UDWH RI DURPD UHOHDVH IURP OLQDORRO ZDV QRW
VLJQLILFDQWO\ S DOWHUHG E\ OD\HULQJ DURPD FRPSRXQGV LQWR GLIIHUHQW
JHODWLQH OD\HUV 7KLV PD\ QRW EH LQLWLDOO\ DSSDUHQW IURP )LJXUH  KRZHYHU
WKHVH VOLJKW GLIIHUHQFHV VKRZQ DUH QRW RI D VLJQLILFDQW QDWXUH 7KH VOLJKW
GLIIHUHQFHV WHQG WR VKRZ WKDW WKH OD\HUHG VDPSOHV KDYH D KLJKHU DURPD UHOHDVH
UDWH WKDQ WKH XQOD\HUHG VDPSOH ZKLFK FRXOG EH GXH WR WKH QDWXUH RIWKH JHO
OD\HULQJ SURFHVV +RZHYHU QR SDUWLFXODU WUHQG LV REVHUYHG IRU UHOHDVH UDWH
EHWZHHQ WKH OD\HUHG VDPSOHV DQG WKH ORFDWLRQ RIWKH DURPD DSSHDUV WR KDYH D
PLQLPDO LQIOXHQFH 7KH VDPH UHVXOW ZDV REVHUYHG IRU PHWK\O DFHWDWH GDWD QRW
VKRZQVXJJHVWLQJWKDWWKHHIIHFWVRIOD\HULQJRIWKHFRPSRXQGVZDVLQGHSHQGHQW
RIWKHSURSHUWLHVRIWKHDURPDFRPSRXQG%DHNet al. VKRZHGE\G\QDPLF
KHDGVSDFH PHDVXUHPHQWV WKDW WKH UDWH RIUHOHDVH RIIXUIXU\O DFHWDWH IURP JHOV
ZDV GHSHQGHQW RQ WKH JHODWLQH FRQFHQWUDWLRQ EXW WKH RYHUDOO PD[LPXP UHOHDVH
FRQFHQWUDWLRQV ZHUH WKH VDPH ,Q WKLV VLWXDWLRQ WKLV ZDV FRQILUPHGE\DOO RIWKH
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Figure 4.14 Dynamic headspace concentration of linalool during dissolution of 
multi-layered gels. Mean values of three replicates. 
$V WKH JHO VDPSOHV ZHUH FXW WKURXJK WKH OD\HUV HDFK VDPSOH ZRXOG KDYH DQ
DURPDFRQWDLQLQJ UHJLRQ ZKLFK ZRXOGEH LQ FRQWDFW ZLWK WKH OLTXLG SKDVH 7KLV
ZRXOGEHWKHUHJLRQIURPZKLFKDURPDFRPSRXQGVZRXOGEHGLVVROYLQJIURPDQG
SDUWLWLRQLQJLQWR WKHVROXWLRQ7KHVWLUULQJRIWKH V\VWHPZLOO VHUYHWRGHSOHWHWKH
FRQFHQWUDWLRQVDWWKHJHOOLTXLGLQWHUIDFHDQGZLOOSURPRWHPDVVWUDQVIHURIDURPD
FRPSRXQGV LQWR VROXWLRQ 7KH SDUWLWLRQ RIYRODWLOHV IURP WKH VROXWLRQ LQWR WKH
KHDGVSDFH ZLOO EH UHODWHG WR WKH FRQFHQWUDWLRQ LQ VROXWLRQ 0DULQ et al. 
/D\HULQJ LQ WKLV V\VWHPGLG QRW DIIHFW WKH UHOHDVH RIDURPD FRPSRXQGV LQWR WKH
KHDGVSDFHDQGWKXVQRGLIIHUHQFHVZHUHREVHUYHG
4.3.3 Different Layering Patterns 
'LIIHUHQFHV EHWZHHQ WKH DFWXDO QXPEHUV RIOD\HUV UDWKHU WKDQ WKH ORFDWLRQRIWKH
YRODWLOH FRPSRXQGV DSSHDUHG WR EH PRUH LPSRUWDQW IRU in vivo DURPD UHOHDVH
*HOV ZHUH SURGXFHGZLWKDURPDFRPSRXQGVGLVSHUVHG WKURXJKRXW WKH VDPSOH 
OD\HU GLVSHUVHG LQRQH OD\HUDQGDQXQIODYRXUHG OD\HU OD\HU RUGLVSHUVHG LQ
131 
&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
WZR OD\HUV LQWHUVSHUVHG E\ WZR XQIODYRXUHG OD\HUV (1   OD\HU 6DPSOHV
ZHUHFRQVXPHGin vivo E\IRXUSDQHOOLVWVDVSHU6HFWLRQ
5HOHDVH IURP JHOV FRQWDLQLQJ DURPD LQ   DQG  OD\HUV VKRZHG QR VLJQLILFDQW
GLIIHUHQFH 3! LQ WKH LQWHQVLW\ RIUHOHDVH EHWZHHQ DQ\ RIWKH VDPSOHV IRU
HLWKHU WKH OLPRQHQH RU KH[DQRO )LJXUH  7KLV VXJJHVWV WKDW DURPD UHOHDVH
ZDV GHSHQGHQW RQ WKH GLVVROXWLRQ DQG PDVWLFDWLRQ RIWKH VDPSOH 7KLV IXUWKHU
VXJJHVWV WKDW WKHVH IDFWRUV ZHUH WKH UDWHOLPLWLQJ VWHSV IRU UHOHDVH DQG ZHUH QRW
GHSHQGHQW RQ WKH GLIIHUHQW OD\HULQJ SDWWHUQV 5HDVRQV IRU WKLV EHKDYLRXU ZHUH
SUREDEO\ GXH WR UDSLG PL[LQJ RI WKH VDPSOH LQ WKH PRXWK E\ PDVWLFDWLRQ
GLVVROXWLRQ DQG PHOWLQJ +DUULVRQ DQG +LOOV  $URPD UHOHDVH LV KLJKO\
GHSHQGHQW RQ SDUWLWLRQ EXW DV WKH VDPSOHV KDYH WKH VDPH YROXPH RIDURPD WKH
IDFWRU GHWHUPLQLQJ WKH H[WHQWRIUHOHDVH LQWR WKH JDV SKDVHZLOOEH WKH GHJUHH RI
IUDFWXUH DQGWKH LQWHUIDFLDOPDVV WUDQVIHU+DUULVRQDQG+LOOV )UDFWXUHZLOO














7KHUH ZDV QR VLJQLILFDQW GLIIHUHQFH LQ WKH 7PD[ YDOXH VXJJHVWLQJ VLPLODU UHOHDVH
UDWHV )LJXUH $Q LQWHUHVWLQJ ILQGLQJ ZDV WKDW WKH 7PD[ YDOXHV IRU OLPRQHQH
DSSHDUWR EHVOLJKWO\HDUOLHUQRWVLJQLILFDQW WKDQWKRVH IRUKH[DQRO DQGWKLVPD\
EH GXH WR WKH GLVSHUVLRQ RIWKH DURPD FRPSRXQGV ZLWKLQ WKH JHO OD\HUV 7KLV
VXJJHVWHGWKDWDOWKRXJK WKH7PD[ EHWZHHQVDPSOHVGLGQRWYDU\ WKHSURSHUWLHVRI
WKH FRPSRXQGVPD\KDYHEHHQDIIHFWLQJWKH WLPLQJVRIUHOHDVH 7KLV LPSOLHV WKDW
DOWKRXJK VXSSRVHGO\ IXOO\ VROXELOLVHG LQ WKH JHO OD\HUV WKH DURPD FRPSRXQGV
PD\EHUHOHDVHGGLIIHUHQWO\IURPHDFKRWKHUZKLFKZLOO EHDFRQVHTXHQFHRIWKHLU
GLIIHUHQW SURSHUWLHV 7KLV HIIHFW ZDV LQGHSHQGHQW RI WKH QXPEHU RI OD\HUV
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Figure 4.16 Effect of number of gel layers on the T PD[ of aroma release. Data are 




$ ILQDO FDYHDW LV WKDW LQ WKHVH VWXGLHV WKH PD[LPXPQXPEHURIOD\HUV ZDV IRXU
7KLV PD\EHDQ LQVXIILFLHQW OHYHO RIVHSDUDWLRQIRU DQ\PL[LQJGLIIHUHQFHV WR EH
REVHUYHG 7KLV PD\ EH WKH FDVH DV ZLWK QR VLJQLILFDQW GLIIHUHQFHV LQ in vivo 
UHOHDVHREVHUYHGDWORQJVHSDUDWLRQ LQFUHDVLQJWKHQXPEHUVRIOD\HUVIXUWKHUZLOO
RQO\ VHUYH WR LQFUHDVH WKH RYHUDOO KRPRJHQHLW\RIWKH V\VWHP +RZHYHU GXH WR
FRQVWUDLQWV LQ VDPSOH SURGXFWLRQ LW ZDV QRW SRVVLEOH WR SURGXFH UHSURGXFLEOH
VDPSOHVZLWKJUHDWHUWKDQOD\HUV
4.3.4 Sensory Analysis 
6HQVRU\ SHUFHSWLRQ RIDURPD UHOHDVH IURP JHOV KDV EHHQ VKRZQ WR EH PRUH
GHSHQGHQW RQ WKH UDWH RIUHOHDVH WKDQ WKH DFWXDO PD[LPXP LQWHQVLW\ RIYRODWLOH
FRPSRXQGV PHDVXUHG DW WKH QDVDO HSLWKHOLD %DHN et al.  7KHVH DXWKRUV
VKRZHGWKDWDQLQFUHDVHLQIXUIXU\ODFHWDWHSHUFHSWLRQZDVEHWWHUFRUUHODWHGWRWKH
JUDGLHQWRIUHOHDVHRYHUWLPHUDWKHUWKDQWKH,max YDOXH ,IDURPDLVEHLQJUHOHDVHG
JUDGXDOO\ WKHQ WKH PD[LPXP LQWHQVLW\ RIDURPD GHWHFWHG LQ QRVH ZLOO KDYH D
VPDOOHU LPSDFW RQ WKH IODYRXU SHUFHSWLRQ WKDQ LIWKH VDPH TXDQWLW\ RIDURPD LV
UHOHDVHGUDSLGO\
$3DLUHG&RPSDULVRQWHVWLVDQH[DPSOHRIDGLUHFWLRQDOGLIIHUHQFHWHVWZKHUHWKH
SDQHOOLVW LV GLUHFWHG WR LGHQWLI\ WKH VWURQJHVW RUZHDNHVW VDPSOHZLWK VSHFLILHG
DWWULEXWH ,QWKLVFDVHWKHSDQHOOLVWVZHUHUHTXHVWHGWR LGHQWLI\WKHVDPSOHZLWKWKH
VWURQJHVW IODYRXU LQWHQVLW\ 6DPSOHV ZHUH SUHSDUHG DV SHU 6HFWLRQ  DQG
VHQVRU\DQDO\VLVSHU6HFWLRQ /LQDORRODQGPHWK\ODFHWDWHZHUHXVHGDV WKH
DURPD FRPSRXQGV 7KH VDPSOHV WHVWHG ZHUH  GLIIXVH DURPD DQG 
OD\HUHGDURPD
5HVXOWV VKRZ WKDW  RIWKH  DVVHVVRUV FKRVH WKH GLIIXVH DURPD LQ DOO WKH
OD\HUV VDPSOHDV KDYLQJWKHKLJKHVWDURPDLQWHQVLW\DQG  WKH OD\HUHGVDPSOH
1RSDQHOOLVWVIDLOHGWRPDNHDVHOHFWLRQ$QDO\VLVRIWKHVHUHVXOWVYLDDWZRWDLOHG
SDLUHG WWHVW SURGXFHG D SUREDELOLW\ RI  $OWKRXJK D KLJKHU QXPEHU RI

&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
SDQHOOLVWV FKRVH WKH VDPSOH FRQWDLQLQJ DURPD LQ DOO WKH OD\HUV WKLV ZDV QRW
FRQVLGHUHG VLJQLILFDQW 7KHVH UHVXOWV UHLQIRUFH WKH UHVXOWV REWDLQHG IURP WKH
LQVWUXPHQWDO PHDVXUHPHQWV DQG FRQILUP WKDW OD\HULQJ RIDURPD FRPSRXQGV LQ
JHODWLQHVXFURVHJHOVGRHVQRWDIIHFWWKHDURPDUHOHDVHRUSHUFHSWLRQ
,Q FRQFOXVLRQ WKHFKDQJHLQRYHUDOO VDPSOHDURPDGLVSHUVLRQLQJHODWLQHVXFURVH
JHOV YLD OD\HULQJKDV QR VLJQLILFDQW LPSDFWRQ WKH DURPDUHOHDVH FRQFHQWUDWLRQV
WLPLQJRUUDWHVRIUHOHDVH 7KLVKDVEHHQFRQILUPHGE\VWXG\LQJUHOHDVH in vitro, 
in vivo DQGILQDOO\E\VHQVRU\DQDO\VLV
4.4 Effect of Layering on Release from a Chewing Gum Matrix 
5HVXOWV IRU KLJKHU VFDOH OHYHOV RIPL[LQJ KDV VXJJHVWHG WKDW OD\HULQJ RIDURPD
LQWR VDPSOHV ZKLFK ZHUH VXEMHFWHG WR EUHDNGRZQ GXULQJ PDVWLFDWLRQ VKRZHG
UDSLG LQ PRXWK PL[LQJ DQG DQHJOLJLEOH HIIHFW RIWKH SK\VLFDO VHSDUDWLRQ RIWKH
DURPD FRPSRXQGV &KHZLQJ JXP ZDV FKRVHQ DV JRRG PRGHO WR VWXG\ IODYRXU
UHOHDVH IURPDPDWUL[WKDWZDVQRWVXEMHFWWR EUHDNGRZQ It SHUPLWVWKH FKHZLQJ
RIDVHPLVROLGPDWUL[IRUDSURORQJHGSHULRGUHOHDVLQJYRODWLOHVSURJUHVVLYHO\LQ
D VHPLFRQWUROOHG PDQQHU 2YHMHUR/RSH] et al.  )ODYRXU UHOHDVH LV
GHSHQGHQW RQ WKH SDUWLWLRQ FRHIILFLHQW DQG UHVLVWDQFH WR PDVV WUDQVIHU UHODWHG WR
WKHFRPSRQHQWVRIWKHPDWUL[DQGWKHLQWHUDFWLRQVRIWKHIODYRXUFRPSRXQGVZLWK
WKHVHGH5RRVDQG:ROVZLQNHO
'DYLGVRQ et al.  VKRZHG WKDW SDQHOOLVW SHUFHSWLRQ RI IODYRXU LQWHQVLW\
IROORZHG VXFURVH FRQFHQWUDWLRQ UDWKHU WKDQPHQWKRQH FRQFHQWUDWLRQGHWHFWHG 
LQ
QRVH
 7KH\ VKRZHG WKDW PHQWKRQH UHOHDVH ZDV IDLUO\ FRQVWDQW WKURXJKRXW D
SURORQJHGFKHZLQJSHULRG ! PLQXWHV +DUYH\DQG%DUUD UHSRUWHG WKDW
UHOHDVH RI OLTXLG SHSSHUPLQW RLO ZKHQ FRQFHQWUDWHG LQ DQ HQFDSVXODQW
)OH[DURPH )LUPHQLFK VKRZHGDIODYRXUEXUVW LQWKH ILUVW IHZ PLQXWHV IURP
WKH FKHZLQJ JXP VDPSOH 7KLV SUHYHQWHG WKH IODYRXU YRODWLOHV SDUWLWLRQLQJ LQWR
WKH JXPEDVHXQWLO WKH HQFDSVXODQWZDV EURNHQGRZQDQGWKHYRODWLOHV UHOHDVHG

&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
:KHQ OLTXLG SHSSHUPLQW RLO ZDV DGGHG GLUHFWO\ WR FKHZLQJ JXP WKH IODYRXU





WKHJXPVDPSOHV6HFWLRQ7KLVSURGXFHGOD\HUHGJXPVZLWK    DQG
 OD\HUV KDOIRIZKLFKKDG DURPDGLVSHUVHG WKURXJKRXW DQG KDOIRIZKLFKKDG
QR DURPD FRPSRXQG %HFDXVHRIWKH PHWKRG RIVDPSOHSURGXFWLRQ LQ RUGHU WR
XVHWKHVDPHEDWFKRIJXPIRUDOO WKHVDPSOHV WKH OD\HUVDPSOHKDVGRXEOHWKH
FRQFHQWUDWLRQRIDURPD FRPSRXQGV FRPSDUHGWR WKH RWKHU VDPSOHV 3UHOLPLQDU\
H[SHULPHQWVXVLQJFRORXUVKRZHGWKDWWKHJXPFRXOGEHIRUPHGLQWR LQGHSHQGHQW





4.4.1 Effect of Layering on Aroma Release in vivo 
6DPSOHV ZHUH FRQVXPHGE\ SDQHOOLVWV ZKLOVW H[KDOLQJ LQWR WKH WUDQVIHUOLQH RI
WKH $3FL06 IRU DSHULRGRIILYH PLQXWHV 7KLVZDV FKRVHQDV DQ DGHTXDWHWLPH
SHULRG IRU PDVWLFDWLRQRIFKHZLQJJXP VDPSOHV )LJXUH VKRZV WKH YRODWLOH
UHOHDVH GXULQJ WKH ILUVW PLQXWH RI WKH FKHZLQJ SURFHVV It LOOXVWUDWHV WKDW
LQFUHDVLQJ WKH QXPEHUV RIOD\HUV RIJXP GRHV QRW VKRZ DQ\ GHILQLWH WUHQG IRU
GLIIHUHQFHV LQYRODWLOH UHOHDVHGHWHFWHG 
LQQRVH
 LQ WKH LQLWLDO UHOHDVH VWDJH 7KLV
LV WKH VWDJH DW ZKLFK GLIIHUHQFHV ZRXOGEH H[SHFWHG WR RFFXUEHFDXVH DIWHU WKLV
SHULRGRIWLPH WKH VDPSOH ZLOO EHZHOO PL[HG LQ PRXWK DQG DQ\ UHOHDVH ZLOO EH
FRPLQJ IURP DKRPRJHQRXV VDPSOH It LV XQVXUSULVLQJ WKDW RYHUWKH VXEVHTXHQW
IRXU PLQXWHV WKHDURPDUHOHDVHSDWWHUQVDUH VLPLODUDV WKHFKHZLQJJXPVDPSOHV
ZLOO EHFRPHPL[HGZLWKLQWKHPRXWKUDSLGO\DQGDQ\HIIHFWVRIWKH OD\HULQJZLOO
EH ORVW )LJXUH  (YHQ LQ WKH FDVH RIHQFDSVXODQWV RQFH WKH\ KDYH EHHQ
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Figure 4.18 Time-release curves of ethyl butyrate for gums containing different 
numbers of strawberry aroma-containing layers. Data are the mean of 4 replicates. 
The 1-layer sample has double the aroma concentration and hence utilises the 
right-hand axis. 
3UHOLPLQDU\ UHVXOWV VKRZHG WKDW  FKHZV ZHUH VXIILFLHQW WR WRWDOO\ PL[ WKH
FRORXUV RIWKH JXP DQG WKLV FRUUHODWHV ZHOO ZLWK GDWD IURP RWKHU H[SHULPHQWV
3ULQ]  It KDV DOVR EHHQ QRWHG WKDW DW VDPSOH VL]HV EHWZHHQ J RI
FKHZLQJ JXP WKH EROXV VL]H LV QRW VLJQLILFDQWO\ OHQJWKHQHG 3ULQ] DQG +HDWK
 7KH VDPSOHV LQYROYHG LQ WKLV FDVH IHOO ZLWKLQ WKLV UHPLW DQG VR ZHUH
FRQVLGHUHG WR KDYH RYHUDOO WKH VDPH OHYHO RI EROXV OHQJWKHQLQJ GXULQJ
PDVWLFDWLRQ
+DUYH\ DQG %DUUD  VKRZHG WKDW DOWKRXJK WKH HQFDSVXODQW FDXVHGDQ HDUO\
EXUVWLQ WKH ODWWHUVWDJHVZKHQWKHDURPDEHFDPHGLVVROYHGLQ WKH JXPEDVHWKH
UHOHDVH SURILOHV IRU WKH WZR VDPSOHV ZHUH VLPLODU &RQFHQWUDWLQJ WKH YRODWLOH
FRPSRXQGV LQWR VHSDUDWH OD\HUV ZLOO QRW SURGXFH WKH VDPH HIIHFW DV WKH
HQFDSVXODQW V\VWHP 7KLV LV HYLGHQFHG E\ WKH VLPLODU LQLWLDO UHOHDVH SDWWHUQV
REVHUYHG IRU DOO RIWKH GLIIHUHQWO\ OD\HUHG VDPSOHV ZKLFK LV LQ FRQWUDVW WR WKH
138 
&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
UHOHDVH SURILOHV IURP HQFDSVXODQWV VKRZQ E\ +DUYH\ DQG %DUUD  DQG WKH
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7LPHPLQ
)LJXUH  (WK\O EXW\UDWH UHOHDVH RYHU D  PLQXWH FRQVXPSWLRQ SHULRG IURP
OD\HUHG FKHZLQJJXPVDPSOHV'DWD DUH PHDQVRI UHSOLFDWHV 7KH  OD\HUVDPSOH
XWLOLVHVWKHULJKWKDQGD[LVDQGDOOWKHRWKHUVDPSOHVWKHOHIWKDQGRQH
)LJXUH VKRZV WKHPD[LPXPLQWHQVLWLHVRIUHOHDVH IRU WKH GLIIHUHQWO\ OD\HUHG
VDPSOHV 7KH VLQJOH OD\HU VDPSOH KDV GRXEOH WKH YRODWLOH FRQFHQWUDWLRQ RIWKH
RWKHUVDPSOHVGXH WR WKH PHWKRGRISURGXFWLRQKRZHYHU D IRXUIROG LQFUHDVH LQ
WKH PD[LPXPLQWHQVLW\LV REVHUYHG$SRWHQWLDOH[SODQDWLRQIRU WKLV LV WKDWDV WKH
HQWLUH VXUIDFH DUHD LV VXEMHFW WR DURPD UHOHDVH WKHQ WKH SRWHQWLDO IRU UHOHDVH LV
JUHDWHUWKDQZKHQDUHDV RIXQIODYRXUHGJXPDUHSUHVHQW 0RUH OLNHO\ LV WKH IDFW
WKDW WKH  OD\HU VDPSOH KDV D ORZHU JXP  IODYRXU UDWLR DQG KHQFH DURPD
FRPSRXQGVZLOOEHDEOHWRSDUWLWLRQWRDKLJKHUH[WHQWLQWRWKHVDOLYDSKDVH
7KHUDWH OLPLWLQJVWHSIRU IODYRXUUHOHDVHLV DVVXPHGWREHWKH WUDQVSRUWRIIODYRXU
YRODWLOHVDFURVVWKHJXPVDOLYDLQWHUIDFHZKLFKFDQEHGHVFULEHGE\WKH VWDJQDQW
OD\HU WKHRU\ RIPDVV WUDQVIHU +DUULVRQ  7KHVH DXWKRUV SURGXFHG D PRGHO
IRU DURPDUHOHDVHIURP FKHZLQJJXPSUHGLFWLQJWKDW ULJRURXVPRXWK PRYHPHQWV

&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
GXULQJ PDVWLFDWLRQ ZLOO PDLQWDLQ D ZHOO PL[HG VDOLYD SKDVH GHYRLG RI DQ\
FRQFHQWUDWLRQ JUDGLHQWV 7KLV PHDQV WKDW DOWKRXJK WKH LQLWLDO VXUIDFH DUHDV IRU
DURPDUHOHDVHPD\YDU\ WKHUDSLGPL[LQJE\PDVWLFDWLRQFRXSOHGWR WKH VORZUDWH
RISDUWLWLRQEHWZHHQ WKH JXP DQG VDOLYDSKDVHVPHDQW WKDWQR VLJQLILFDQWHIIHFWV
RIOD\HULQJDURPDLQWKHFKHZLQJJXPZHUHREVHUYHG
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)LJXUH(IIHFWRIWKHQXPEHURIIODYRXUHG OD\HUVRQ ,PD[ RIYRODWLOH UHOHDVHIURP
GLIIHUHQWO\OD\HUHGFKHZLQJJXPV'DWDQRUPDOLVHGWR OD\HUVDPSOH6DPSOHVDUH
PHDQVRI UHSOLFDWHV
 (IIHFWRI1XPEHURI&KHZLQJ$FWLRQVRQ$URPD5HOHDVHin vivo 
/D\HULQJRIDURPDLQWRVHSDUDWHOD\HUVRIFKHZLQJJXPVKDVEHHQVKRZQWR KDYH
QR HIIHFWV RQ WKH LQWHQVLW\ RU UDWH RIUHOHDVH RIWKH DURPD FRPSRXQGV It ZDV
VXJJHVWHG WKDW PDVWLFDWLRQ OHG WR UDSLG LQ PRXWK PL[LQJ DQG WKDW WKLV ZRXOG
HOLPLQDWH DQ\ HIIHFWV RIVHSDUDWLRQ E\ OD\HUV 6DPSOHV RIFKHZLQJ JXP ZHUH
DQDO\VHG in vivo XVLQJ $3FL06 IRU D GLIIHULQJ QXPEHU RIFKHZLQJ HYHQWV WR






LQWHQVLW\DQG WLPH WR UHDFK WKLV LQWHQVLW\ZHUH LQFUHDVHG 7KLV ZDV SUREDEO\GXH
WR WKH IDFW WKDW LQFUHDVHGQXPEHUV RIFKHZLQJ DFWLRQV LQFUHDVHG WKH DPRXQW RI
WLPH IRU DURPD WR EH UHOHDVHG IURP WKH JXP VDPSOHV 7KLV LQGLFDWHV WKDW WKH
UHOHDVH RIDURPDFRPSRXQGVZDV WLPH GHSHQGHQWDQGUHODWHGWR DSDUWLWLRQVW\OH
PHFKDQLVP&KHZLQJLV UHTXLUHGWRUHOHDVHWKHYRODWLOHFRPSRXQGVIURPWKHJXP
EDVHDQGGHOLYHUWKHPWR WKHQDVDOHSLWKHOLDGH5RRV 7KHUHIRUHLQFUHDVLQJ
WKH QXPEHURIFKHZLQJHYHQWV ZLOO LQFUHDVH WKH OHYHO RIDURPD WKDW LV UHOHDVHG
7KH ORQJHU FKHZLQJ WLPH LQGLFDWLYH RIWKH ODUJHU QXPEHU RIFKHZLQJ DFWLRQV




3ULQ]  TXDQWLWDWLYHO\PHDVXUHGFRORXUPL[LQJ LQJXPV GXULQJPDVWLFDWLRQ
XVLQJ D UDQJH RILPDJH SURFHVVLQJ WHFKQLTXHV 7KH DXWKRU VKRZHG WKDW PL[LQJ
EHWZHHQ WZR GLIIHUHQW FRORXUHG OD\HUV RIFKHZLQJ JXP ZDV XQLIRUP DIWHU 
FKHZV EXWYDULHG LQ PL[LQJSDWWHUQV XS WR WKLV SRLQW 7KH WHFKQLTXHV WKH\XVHG
DOORZHG WKHP WR GLVWLQJXLVK EHWZHHQ WKH PL[LQJSDWWHUQV LQ PRXWK ,PSRUWDQWO\
WKH\ DOVR DVVHVVHG WKH HIIHFW RIVDPSOH VL]H DQG IRXQG WKDW IRU D J VDPSOH
VLPLODU VL]H WR VDPSOH XVHG LQ RXU H[SHULPHQWV QRW DOO RIWKH VDPSOH ZDV
LQYROYHG LQ WKH PL[LQJ SURFHVV EXW WKDW SDUW ZDV KHOG LQ WKH FKHHN XQWLO
UHSRVLWLRQLQJRIWKHEROXV 7KHVHGDWDGHVFULEH WKH LPSRUWDQFHRIWKHQXPEHURI
FKHZV RQ WKH LQ PRXWK PL[LQJ RIOD\HUHG FKHZLQJ JXPV DQG PD\ H[SODLQ WKH
LQFUHDVHV LQ PD[LPXPLQWHQVLW\REVHUYHGXS WR  FKHZV EXWDUHGXFWLRQ LQ WKH
LQFUHDVH WKHUHDIWHU +LJK YDULDWLRQ EHWZHHQ WKH GLIIHUHQW QXPEHUV RIFKHZLQJ
DFWLRQV DQGWKH LQWHQVLW\RIWKHDURPDUHOHDVHPDNHWKHGDWDGLIILFXOWWR LQWHUSUHW
IRU WKH GLIIHUHQW VDPSOHV 7KLV PD\ EH GXH WR WKH QDWXUH RIWKH UHOHDVH IURP
FKHZLQJJXPZKLFKDSSHDUVDV DQXPEHURIVSLNHVDVVRFLDWHGZLWKHDFKFKHZLQJ
HYHQW 7KXV WKH PD[LPXP LQWHQVLW\ ,PD[ PD\ QRW EH D JRRG LQGLFDWRU RIWKH
141 
&KDSWHU +LJKHU6FDOH$URPD'LVSHUVLRQ
RYHUDOO LPSDFWRIWKH QXPEHURIFKHZLQJ DFWLRQV RQ DURPD UHOHDVH EXW WKH 7PD[
PD\JLYHDEHWWHUUHSUHVHQWDWLRQ)LJXUH















 4  
1XPEHURI/D\HUV
)LJXUH  (IIHFW RI WKH QXPEHU RI FKHZLQJ DFWLRQV RQ ,PD[ RI UHOHDVH IURP
GLIIHUHQWO\ OD\HUHGFKHZLQJJXPV,QWHQVLW\PHDVXUHG LQ LRQ FRXQWVGHWHFWHG E\WKH
$3FL06
  FKHZV FKHZV I 
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$OWKRXJK QXPHURXV DVVXPSWLRQV ZLWK UHJDUG WR DURPD GLVSHUVLRQ WKURXJKRXW D
PDWUL[KDYH EHHQPDGH LQ WKH SDVW LW LV HYLGHQW IURP WKH GDWD SUHVHQWHG LQ WKLV
&KDSWHU WKDW WKH HIIHFWV RQ WKH DURPD UHOHDVH 
LQ QRVH
 ZHUH PLQLPDO LQ WKH
PDWULFHV VWXGLHG $URPD ZDV GLVSHUVHG LQ D UDQJH RIZD\V XVLQJ D YDULHW\ RI
WHFKQLTXHV DQG LQ D QXPEHU RI GLIIHUHQW PDWULFHV +RZHYHU GHVSLWH WKHVH
GLIIHUHQW PHWKRGV RI HQVXULQJ LQKRPRJHQHRXV DURPD GLVSHUVLRQ WKH RYHUDOO
HIIHFWVRQDURPDGHOLYHU\DQGUHOHDVHZHUHPLQLPDO
:LWK QRQKRPRJHQRXV DURPD GLVWULEXWLRQ WKH VHOHFWLRQ RI D VDPSOH KDV DQ
LQIOXHQFHRQWKHOHYHORIDURPDGHOLYHUHGDQGWKHOHYHORIH[SHULPHQWDOYDULDWLRQ
LV KLJK 3K\VLRORJLFDOIDFWRUV VXFKDV FKHZLQJUDWH DUH LPSRUWDQWZKHQ VWXG\LQJ
UHOHDVHIURPJHOVZLWKGLIIHULQJQXPEHUVRIOD\HUV0L[LQJZLWKDQGUHOHDVHIURP
VDOLYD LV WKRXJKWWREHDQLPSRUWDQWDVSHFWIRUDURPDUHOHDVHIURPWKHVH V\VWHPV
DQGPHWKRGVWKDWFDQFRQWUROWKHVHDVSHFWVPD\SURYLGHEHWWHUNQRZOHGJHRIWKH
DFWXDOLQIOXHQFHVRQDURPDUHOHDVH$QH[DPSOHIRUVWXG\LQJWKLVFRXOGEHYLDWKH
XVH RID PRGHO PRXWK V\VWHP DV GHYHORSHG E\ 9DQ 5XWK DQG 5RR]HQ 
7KH\ VKRZHG WKDW PDVWLFDWLRQ VLJQLILFDQWO\ LQFUHDVHG DURPD UHOHDVH IURP EHOO
SHSSHUV DQG LQFUHDVHG VDOLYD IORZ VLJQLILFDQWO\GHFUHDVHG DURPDUHOHDVH 7KHVH
ILQGLQJV PD\ JLYH ULVH WR WKH LPSRUWDQFH RI SK\VLRORJ\ UDWKHU WKDQ DURPD









5 EFFECTS OF CARRIER SOLVENTS ON AROMA 
PARTITIONING AND RELEASE 
7KH SUHYLRXV &KDSWHU VKRZHG WKH LPSDFW RIGLIIHUHQWLDO VHSDUDWLRQ RIDURPD
FRPSRXQGV WKURXJKRXW D UDQJH RIIRRG PDWULFHV DQG WKH VXEVHTXHQW HIIHFWV RQ
DURPD UHOHDVH 7KLV &KDSWHU DVVHVVHV WKH HIIHFWV RI LQFUHDVLQJ WKH OHYHOV RI
GLVSHUVLRQ YLD WKH XVH RIFDUULHU VROYHQWV FRVROYHQWV )XUWKHU GLVFXVVLRQ RQ
VROXELOLW\DQGFDUULHUVROYHQWVLVGLVFXVVHGLQ6HFWLRQVDQG
,IWKH VROYHQWDIIHFWVWKHVROXELOLW\RIDQDURPDFRPSRXQGZLWKLQDSKDVH LWZLOO
DOVR KDYH LPSOLFDWLRQV IRU LWV SDUWLWLRQ DQG GLVSHUVLRQ DQG VXEVHTXHQWO\ LWV
UHOHDVH $ ZDWHUFRVROYHQW PL[WXUH LV D EHWWHU VROYHQW IRU PDQ\ DURPD
FRPSRXQGV EHFDXVH RIWKHLUK\GURSKRELFLW\DQG WKH UHGXFHGDELOLW\ WR VTXHH]H
RXW VROXWHV <DONRZVN\ E 7KHPHWKRGFKRVHQWR DVVHVV WKHHIIHFWVRIWKH
VROYHQWVRQWKHVROXELOLW\DQGSDUWLWLRQRIDURPDFRPSRXQGVZDVVWDWLFKHDGVSDFH
DQDO\VLV &KDQJHV LQ WKH KHDGVSDFH FRQFHQWUDWLRQ ZHUH DVVHVVHG WR GHWHUPLQH
KRZ WKH SUHVHQFH RI FDUULHU VROYHQWV DIIHFWHG WKH SDUWLWLRQ RI WKH DURPD
FRPSRXQGLQWKHOLTXLGSKDVH7KHK\SRWKHVLVZDVWKDWWKHSUHVHQFHRIWKHFDUULHU
VROYHQWV ZRXOG LQFUHDVH WKH VROXELOLW\ RIDURPD FRPSRXQGV ZLWKLQ WKH DTXHRXV
SKDVHV SUHVHQW LQ IRRGV WKHUHE\ LQFUHDVLQJ WKHLU GLVSHUVLRQ DQG VXEVHTXHQWO\
KDYLQJ LPSOLFDWLRQV VXFK DV UHGXFWLRQV LQ WKH OHYHOV RI DURPD UHOHDVH $
VHFRQGDU\SUHGLFWLRQZDV WKDW WKHSUHVHQFHRIWKH VROYHQWVZKHQ UHOHDVHGIURP
WKH VDPSOHVZLOO LQFUHDVHWKHVROXELOLW\RIWKHFRPSRXQGVLQWKHVDOLYDSKDVHDQG
ZLOOKDYHLPSDFWVRQWKHLUDELOLW\WRSDUWLWLRQLQWRWKHJDVSKDVHDERYHWKHVDOLYD
0RGHO V\VWHPV ZHUH XVHG WR DVVHVV WKH HIIHFWV RIWKH VROYHQWV ,Q WKLV FDVH WKH
PRGHOV\VWHPZDVZDWHUEXWDVXJDUVROXWLRQZDVDOVRLQYHVWLJDWHG6XEVHTXHQWO\






&RPSHWLWLRQRIPROHFXOHVIRU LRQLVDWLRQDWWKH VRXUFHZDVDQ LPSRUWDQWDVSHFWWR
EH FRQVLGHUHG ZKHQ XVLQJ $3FL06 DV D PHDVXUHPHQW WHFKQLTXH EXW UHVXOWV
VKRZHG WKDW WULDFHWLQ JO\FHURO DQGSURS\OHQHJO\FROSURGXFHGQR VLJQLILFDQWLRQ
FRQFHQWUDWLRQV ZKHQ LQ VROXWLRQ 5HVXOWV IRU HWKDQRO GLG VKRZ DIIHFWV RQ
LRQLVDWLRQDQGDPRGLILHGV\VWHPZDVXVHGWR DFFRXQWIRUWKLV
5.1 Static Headspace Analysis of Gas Phase Concentration 
Above Aqueous Solutions for Different Solvent 
Concentrations 
7KHUHODWLRQVKLSEHWZHHQWKHFRQFHQWUDWLRQRIFDUULHUVROYHQWVLQWKH OLTXLGSKDVH
DQG WKH JDV SKDVH DURPD FRQFHQWUDWLRQ DERYH D VROXWLRQZDV LQYHVWLJDWHG IRU D
UDQJH RIYRODWLOH DURPDFRPSRXQGV GLDFHW\O HWK\O DFHWDWH HWK\OEXW\UDWH HWK\O
KH[DQRDWH KH[DQDO OLPRQHQH OLQDORRO DQGPHWK\ODFHWDWH 7KH VROYHQWVVWXGLHG
ZHUHHWKDQROSURS\OHQHJO\FRO JO\FHURO WULDFHWLQDQGGLVWLOOHGZDWHUZKLFKZDV
XVHGDV DVWDQGDUGVROYHQW 6ROYHQWFRQFHQWUDWLRQVZHUHVWXGLHGDW   DQG
 ZZ RI WKH WRWDO VROXWLRQV $OWKRXJK LW LV XQOLNHO\ WKDW VRPH RI WKHVH
VROYHQWVZLOOEHSUHVHQWDWWKHVHOHYHOVLQUHDOIRRGV\VWHPVDQ LGHDRIWKHHIIHFWV
RIVLPLODUPROH IUDFWLRQV RIVROYHQWVZDV DVVHVVHG 9RODWLOHFRQFHQWUDWLRQVZHUH
EDVHGRQSUHGHWHUPLQHG OHYHOV WR HQVXUH VXIILFLHQWKHDGVSDFH FRQFHQWUDWLRQV IRU
UHOLDEOH DQDO\VLV &RPSRXQGV ZHUH LQYHVWLJDWHG ZLWK WZR FRPSRXQGV LQ HDFK
VDPSOH WR DYRLG DQ\ FRPSRXQGFRPSRXQG LQWHUDFWLRQV )ULHO et al.  DV
VKRZQLQ6HFWLRQ
7KH XVH RIGLIIHUHQW VROYHQWVKDV PDQ\HIIHFWV RQWKH FRPSRXQGV GHSHQGLQJRQ
WKH SURSHUWLHV RIERWK WKH VROYHQW DQG WKH FRPSRXQG LWVHOI :H SUHGLFWHG WKDW
LQFUHDVLQJWKHVROYHQWFRQFHQWUDWLRQLQ WKH OLTXLGSKDVHZRXOGJHQHUDOO\LQFUHDVH
WKH VROXELOLW\ RIDURPD FRPSRXQGV HVSHFLDOO\ K\GURSKRELF RQHV DQG KHQFH
GHFUHDVH WKH DPRXQW RI DURPD WKDW SDUWLWLRQHG LQWR WKH KHDGVSDFH 6RPH

&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
SURSHUWLHV UHODWHG WR WKH VROXELOLW\ RIWKH VROYHQWV DQG DURPD FRPSRXQGV DUH
UHSUHVHQWHGLQ7DEOHV DQG
7DEOH  6RPH SURSHUWLHV RIZDWHUPLVFLEOH VROYHQWV DV WDNHQ IURP <DONRZVN\
E  /RJ 3 DQG VROXELOLW\ GDWD DV FDOFXODWHG XVLQJ (3, 6XLWH *URXS
&RQWULEXWLRQ6RIWZDUH QRGDWDIURP<DONRZVN\
:DWHU 6XUIDFH 6ROXELOLW\ 'LHOHFWULF /RJ /RJ $TXHRXV
r-
PLVFLEOH 7HQVLRQ 3DUDPHWHU &RQVWDQW .RZ 3 6ROXELOLW\
VROYHQW G\QHVHP +LOGHEUDQGV IO6P PJ/
:DWHU     QD QD
6XJDUV      H
VRUELWRO
*O\FHURO      H
(WK\OHQH      H
JO\FRO
3URS\OHQ      H
HJO\FRO
%XWDQHGL      H
RO
(WKDQRO      H




6ROXELOLW\ 3DUDPHWHU LV WKH VTXDUH URRW RI WKH FRKHVLYH HQHUJ\ GHQVLW\ DV D
QXPHULFDOYDOXHLQGLFDWLQJWKHVROYHQF\EHKDYLRXURIDVSHFLILFVROYHQWDVGHVFULEHG
E\+LOGHEUDQGIt LV FDOFXODWHGXVLQJWKHIROORZLQJHTXDWLRQ
D  -F  [.MI- RT/ V P@  (TXDWLRQ
7KHGLHOHFWULFFRQVWDQWLV WKHUHODWLYHSHUPLWWLYLW\RIDGLHOHFWULFPDWHULDO




&RPSRXQG 0ROHFXODU $TXHRXV /RJ3 9DSRXU
:HLJKW 6ROXELOLW\ 3UHVVXUH
PJ/ PP+J
'LDFHW\O  H  
0HWK\ODFHWDWH  H  
(WK\ODFHWDWH  H  
+H[DQDO  H  
(WK\OEXW\UDWH  H  
(WK\OKH[DQRDWH  H  
l /LQDORRO  H  
/LPRQHQH  H  
&RVROYHQWV IXQFWLRQ E\ UHGXFLQJ LQWHUPROHFXODU LQWHUDFWLRQV LQ VROXWLRQ
HVSHFLDOO\ K\GURJHQ ERQGLQJ DQG WKHUHIRUH WKHLU HIIHFWLYHQHVV GHSHQGV RQ WKHLU
ODFN RISRODULW\ DQG UHGXFHG K\GURJHQ ERQGLQJ DELOLW\ ZLWK UHVSHFW WR ZDWHU
7KH\PXVWKRZHYHU VWLOOEHVROXEOH LQZDWHUDQG LWVSRODUSRUWLRQVPXVWEHDEOH
WR LQWHUDFW ZLWK ZDWHU WR NHHS WKH QRQSRODU UHJLRQV LQ VROXWLRQ <DONRZVN\
E
)RU D VROXWH WR EHFRPH GLVVROYHG LQ D VROYHQW D QXPEHU RIVWDJHV QHHGHG WR
RFFXU )LUVW D FDYLW\ ZLWKLQ WKH ZDWHU VWUXFWXUH QHHGV WR EH IRUPHG WR
DFFRPPRGDWH WKH VROXWH ZKLFK LQYROYHG WKH GLVUXSWLRQ RIWKH VROYHQWVROYHQW
LQWHUPROHFXODUIRUFHV 'LVSHUVLRQIRUFHVZLOOWKHQDFWWRHQDEOHWKHFRPSRXQGVWR
JDLQDFFHVV WR WKHFDYLWLHV7KHVHIRUFHVZLOOEHDSSOLFDEOHWR DOO VROXWHV)LQDOO\
LQWHUDFWLRQV EHWZHHQ VLPLODU UHJLRQV ZLOO RFFXU DQG ILQDO VROXELOLW\ ZLOO EH
GHSHQGHQW RQ WKHVH VROXWHVROYHQW LQWHUDFWLRQV ([DPSOHV RIFKDUDFWHULVWLFV DUH
WKH SRODULW\ DQG K\GURJHQ ERQGLQJ FDSDFLW\ RIERWK WKH VROXWHV DQG VROYHQWV
0DUFXV et al.  5XHOOH DQG .HVVHOULQJ D E F VXJJHVWHG
WKDWWKH FDYLWLHVSURGXFHGLQ VROXWLRQPD\QRWEH VWDWLF V\VWHPVDQGWKHUHIRUHDW
R RIWLPH WKH VROXWH ZLOO QRWEH LQ VROXWLRQ DQG ZLOO EH IUHH WR PRYH DURXQG
7KLVPD\KDYH LPSOLFDWLRQVIRU WKHFRQFHQWUDWLRQVRIDURPDFRPSRXQGVGHWHFWHG





$GGLWLRQDO LQIRUPDWLRQ RQ VROXELOLW\ DQG FRVROYHQW HIIHFWV LV GLVFXVVHG LQ
&KDSWHU
7KHK\SRWKHVLVZDV WKDWWKH VROYHQWVZRXOGLQFUHDVHDURPDFRPSRXQGVROXELOLW\
E\ GHFUHDVLQJ WKH SRODULW\ RIWKH DTXHRXV V\VWHP WKHUHE\ UHWDLQLQJ D KLJKHU
FRQFHQWUDWLRQRIDURPDFRPSRXQGZLWKLQWKHVROXWLRQ
5.1.1 Effects of Propylene Glycol 
3URS\OHQHJO\FRO LV WKHPRVWFRPPRQO\XVHGFDUULHUVROYHQWXVHGIRU GLVSHUVLQJ
DQGGLOXWLQJRIIODYRXUV 6ROXWLRQVZHUHSUHSDUHGDVSHU6HFWLRQ DQGVWDWLF
KHDGVSDFHFRQFHQWUDWLRQVPHDVXUHGXVLQJ$3FO066HFWLRQ
7KH HIIHFW RI LQFUHDVLQJ SURS\OHQH JO\FRO FRQFHQWUDWLRQ SURGXFHG VLJQLILFDQW
HIIHFWVRQWKHKHDGVSDFHRIWKH GLIIHUHQWDURPDFRPSRXQGV LQYHVWLJDWHG)LJXUHV
   VKRZHG GHFUHDVHV LQ KHDGVSDFH FRQFHQWUDWLRQ ZLWK LQFUHDVLQJ VROYHQW
FRQFHQWUDWLRQ IRU OLQDORRO GLDFHW\O HWK\O EXW\UDWH DQG KH[DQDO QR VLJQLILFDQW










~ E t h y l l DFHWDWH
2+H[DQDO
(IIHFWVRI&DUULHU6ROYHQWV
- ~ ~  -
3URS\OHQH*O\FRO&RQFHQWUDWLRQZZ
)LJXUH  (IIHFW RI SURS\OHQH JO\FRO RQ KHDGVSDFH FRQFHQWUDWLRQ RI YRODWLOHV
EHWZHHQ  DQG  R ZZ SURS\OHQH JO\FRO )RXU DURPD FRPSRXQGV GLDFHW\O
PHWK\O DFHWDWH HWK\O DFHWDWH DQG KH[DQDO +HDGVSDFHFKDQJH LV H[SUHVVHG UHODWLYH
WR WKHZDWHUVDPSOH0HDQVRI UHSOLFDWHV
'LDFHW\O WKH PRVWK\GURSKLOLF FRPSRXQG VKRZHGD VLJQLILFDQWUHWHQWLRQ ZLWKLQ
WKH VROXWLRQDQGD WUHQGWRZDUGV DKLJKHUUHWHQWLRQZLWKLQFUHDVHGVROYHQW OHYHOV
7KH /RJ3 YDOXH RISURS\OHQH JO\FRO LV FORVHU WR GLDFHW\O WKDQ WR WKDW RIZDWHU
DQG VR WKHGHFUHDVHGSRODULW\RIWKHV\VWHPPD\EHUHVSRQVLEOH IRU WKH LQFUHDVHG
UHWHQWLRQ RIGLDFHW\O +RZHYHU WKLV FRQWUDVWV WR WKH RWKHU KLJKO\ K\GURSKLOLF
FRPSRXQG PHWK\O DFHWDWH )RU PHWK\O DFHWDWH LQFUHDVHG SURS\OHQH JO\FRO
FRQFHQWUDWLRQ EULQJV DERXW DQ PFUHDVH LQ WKH KHDGVSDFH FRQFHQWUDWLRQ 7KLV
VXJJHVWV WKDW WKH VROXELOLW\ RI WKLV VROXWH ZDV UHGXFHG E\ LQFUHDVLQJ
FRQFHQWUDWLRQVRISURS\OHQHJO\FRO FDXVLQJDKLJKHUGHJUHH RIPDVV WUDQVIHUDQG
DQ LQFUHDVHLQWKHSDUWLWLRQFRHIILFLHQW7KLVVDOWLQJRXWHIIHFW)ULHOet al. 
PD\ EH GXH WR WKH VROYHQW LQ WKH DTXHRXV SKDVH DVVRFLDWLQJ ZLWK VRPH RIWKH
ZDWHU PROHFXOHV WKHUHE\ UHGXFLQJ WKH QXPEHU DYDLODEOH IRU VROXELOLVLQJ WKH
K\GURSKLOLF FRPSRXQGV 7KLV LV LQ DFFRUGDQFH ZLWK SURS\OHQH JO\FRO FDXVLQJ D
GHFUHDVH LQ WKH SRODULW\ RI WKH DTXHRXV SKDVH DQG WKXV D UHGXFWLRQ LQ SRODU
FRPSRXQG VROXELOLW\ <DONRZVN\ E 3RODU VROXWHV VXFK DV DPLQR DFLGV

&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
*HNNR DQG.RJD DQGR[IHQLFLQH *RXOGet al. KDYHEHHQ VKRZQ WR
KDYH UHGXFHG VROXELOLW\ ZLWK LQFUHDVLQJ SURS\OHQH JO\FRO FRQFHQWUDWLRQ LQ WKH
DTXHRXVSKDVH
+H[DQDOHWK\OEXW\UDWHDQGOLQDORRO)LJXUH VKRZHGVLJQLILFDQWUHGXFWLRQV LQ
WKH KHDGVSDFH FRQFHQWUDWLRQV ZKLFK VXJJHVWV WKDW WKH\ KDG DQ LQFUHDVHG
VROXELOLW\ LQ WKH DTXHRXV SKDVH 7KHVH UHGXFWLRQV RFFXUUHG DFURVV WKH VROYHQW
FRQFHQWUDWLRQDOWKRXJKWKHUHZDVQRFOHDUXQLYHUVDO WUHQGRIDQ LQFUHDVLQJHIIHFW
ZLWK LQFUHDVLQJ VROYHQW FRQFHQWUDWLRQ 7KLV VXJJHVWV WKDW LQFUHDVLQJ WKH
SURS\OHQH JO\FRO FRQFHQWUDWLRQ GLG QRW DIIHFW DOO RIWKH FRPSRXQGV LQ VLPLODU
ZD\V DQG WKH UHVXOWV REWDLQHGDUH GLIILFXOW WR H[SODLQZKHQVXEMHFWHG WR WKHRULHV






 (WK\OEXW\UDWH (WK\O KH[DQRDWH




)LJXUH  (IIHFW RI SURS\OHQH JO\FRO RQ KHDGVSDFH FRQFHQWUDWLRQ RI YRODWLOHV
EHWZHHQDQG R ZZSURS\OHQHJO\FRO)RXUDURPDFRPSRXQGVHWK\OEXW\UDWH




7KH LQFUHDVH LQ KHDGVSDFH FRQFHQWUDWLRQ REVHUYHG IRU OLPRQHQH LV GLIILFXOW WR
DFFRXQW IRU 7KH SUHVHQFH RI WKH FRVROYHQWV VKRXOG GHFUHDVH WKH KHDGVSDFH
SDUWLWLRQRIOLPRQHQH\HW ODUJH LQFUHDVHVZHUH REVHUYHG $SRWHQWLDOH[SODQDWLRQ
PD\ EH WKH SRRU VROXELOLW\ RIOLPRQHQH LQ SURS\OHQH JO\FRO +DUGLQJH 
+RZHYHU OLPRQHQH LV HTXDOO\ LQVROXEOH LQ ZDWHU /LPRQHQH VKRZV WKH KLJKHVW
YDULDWLRQ IRU DQ\ RI WKH VDPSOHV DQG VXJJHVWV WKDW OLPRQHQH LV QRW WUXO\
VROXELOLVHGLQWKHDTXHRXVDQGSURS\OHQHJO\FROVROXWLRQV
5.1.2 Effects of Ethanol 
6DPSOHVZHUHSURGXFHGDV LQ6HFWLRQ ZLWK HWKDQROXVHGDV WKH FRVROYHQW
+RZHYHUEHFDXVHRISRVVLEOHDOWHUHGLRQLVDWLRQE\HWKDQROLRQVDWWKHVRXUFHDQ
DGDSWHGVDPSOLQJV\VWHPZDVXVHG6HFWLRQ(WKDQROLRQVZHUHGHOLYHUHG
WR WKH VRXUFH YLD D QLWURJHQ IORZ WKXV PDNLQJ HWKDQRO UDWKHU WKDQ ZDWHU WKH
LRQLVLQJ UHDJHQW 7KLV HOLPLQDWHG WKH LQIOXHQFH RIHWKDQRO LQ WKH VDPSOHV IURP
DIIHFWLQJ WKH LRQLVDWLRQ ,QFUHDVLQJ HWKDQRO FRQFHQWUDWLRQV VKRZHG GLIIHUHQW
HIIHFWV WR SURS\OHQH JO\FRO )LJXUHV    'LDFHW\O HWK\O EXW\UDWH DQG
OLQDORROVKRZHGVLJQLILFDQWO\GHFUHDVHGKHDGVSDFHFRQFHQWUDWLRQVZLWKLQFUHDVLQJ
VROYHQWFRQFHQWUDWLRQ/LPRQHQHKDGKLJKYDULDWLRQEXWVKRZHGDGHFUHDVHXSWR
  (WK\O KH[DQRDWH VKRZHG DQ LQFUHDVH RI  DW LQFUHDVHG HWKDQRO
FRQFHQWUDWLRQV 0HWK\O DFHWDWH VKRZHG D PD[LPXP LQFUHDVH DW  EXW
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Figure 5.3 Effect of ethanol on heads pace concentration of volatiles between 0 and 
15 R w/w ethanol. Four aroma compounds; diacetyl, methyl acetate, ethyl acetate 
and hexanal. Headspace change is expressed relative to the water sample. Means of 
3 replicates. 
(WKDQRO LV D OHVV SRODUVROYHQW WKDQSURS\OHQH JO\FRO DQG VR DKLJKHUFRVROYHQW
HIIHFW RQ QRQSRODU FRPSRXQGV ZRXOG EH H[SHFWHG <DONRZVN\ E 7KH
KLJKO\ SRODU FRPSRXQG PHWK\O DFHWDWH LOOXVWUDWHV WKH HIIHFW E\ VKRZLQJ DQ
LQFUHDVHG KHDGVSDFH FRQFHQWUDWLRQ ZKLFK LV LQGLFDWLYH RID UHGXFHG VROXELOLW\
7KLV RFFXUUHGXS WR  RR HWKDQRO DIWHUZKLFKD GHFUHDVH ZDV REVHUYHG (WKDQRO
ZLOO LQFUHDVHWKHSRODULW\RIWKHVROXWLRQWKHUHE\UHGXFLQJWKHVROXELOLW\RIPHWK\O
DFHWDWH ,QWHUHVWLQJO\ DOO WKH FRPSRXQGV H[FHSW HWK\O KH[DQRDWH VKRZHG D
UHGXFWLRQLQKHDGVSDFHFRQFHQWUDWLRQDQGWKXVDQDVVRFLDWHGLQFUHDVHLQVROXELOLW\
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t  (WK\OKH[DQRDWH  /LPRQHQH
2 
(WKDQRO&RQFHQWUDWLRQZZ
)LJXUH (IIHFWRIHWKDQRORQ KHDGVSDFHFRQFHQWUDWLRQRIYRODWLOHV EHWZHHQDQG
 R ZZ HWKDQRO )RXU DURPD FRPSRXQGV HWK\O EXW\UDWH HWK\O KH[DQRDWH
OLQDORRO DQGOLPRQHQH+HDGVSDFHFKDQJHLV H[SUHVVHG UHODWLYHWR WKHZDWHUVDPSOH
0HDQVRI UHSOLFDWHV
&RQQHU et a!.  VKRZHG WKDW   HWKDQRO ZDV WKH FULWLFDO SRLQW DW ZKLFK
SDUWLWLRQFRHIILFLHQWVRIORQJFKDLQHWK\O HVWHUVZHUHDOWHUHG 7KH\VXJJHVWHGWKDW
DW FRQFHQWUDWLRQV ORZHU WKDQ   WKH HWKDQRO IRUPV D PRQRGLVSHUVH DTXHRXV
VROXWLRQDQGWKDWDERYH  WKHHWKDQRO IRUPV K\GURSKRELF FOXVWHUV WKDWUHGXFH
WKH DFWLYLW\ FRHIILFLHQW RIWKH HVWHUV '
$QJHOR et a!.  (VFDORQD DQG FR
ZRUNHUV  VKRZHG D ORJOLQHDU GHFUHDVH LQ DFWLYLW\ FRHIILFLHQWV IRU ORQJHU
FKDLQ YRODWLOHV && DW FRQFHQWUDWLRQV EHWZHHQ  DQG   HWKDQRO 7KLV
EHKDYLRXU LV QRW QRWHG ZLWK WKH VKRUW FKDLQ HWK\O HVWHUV HWK\O DFHWDWH DQG HWK\O
EXW\UDWH XVHG LQ WKH FXUUHQW H[SHULPHQWV ZKLFK VKRZ VLJQLILFDQW DOWHUDWLRQV LQ
SDUWLWLRQDQGWKXVDFWLYLW\FRHIILFLHQWZLWKHWKDQROFRQFHQWUDWLRQVDV ORZDV %. 
(WK\O KH[DQRDWH VKRZHG D VLJQLILFDQW LQFUHDVH ZLWK LQFUHDVLQJ HWKDQRO
FRQFHQWUDWLRQ +RZHYHU D UHGXFWLRQ IURP    HWKDQRO ZDV REVHUYHG 7KH
PRGHRIVDPSOHSUHSDUDWLRQPD\KDYH OHGWR ORZHUTXDQWLWLHVRIHWK\OKH[DQRDWH
EHFRPLQJ GLVVROYHG DQG WKXV D ORZHU FRQFHQWUDWLRQ GHOLYHUHG WR WKH ILQDO
153 
&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
VDPSOHV 7KLVZRXOGPHDQWKDWWKH UHODWLYH FRQFHQWUDWLRQV IRU WKH RWKHUVDPSOHV
ZRXOGEHKLJKHU 7KH UHGXFWLRQV IURP  WR  IURP    RR LQGLFDWH WKDW
WKH KLJKHU HWKDQRO OHYHOV VXJJHVWHG SUHYLRXVO\ DUH PRUH LPSRUWDQW IRU ORQJHU
FKDLQHWK\O HVWHUV 2WKHUDURPD FRPSRXQGV DOVR VKRZUHGXFWLRQV LQ SDUWLWLRQDW
FRQFHQWUDWLRQV RIHWKDQRO DW OHVV WKDQ  RR FRQILUPLQJ WKDW WKLV HIIHFWZDV QRW
FRQILQHGWRHVWHUV
'LDFHW\O VKRZVD VLJQLILFDQWUHGXFWLRQRIDURXQG  LQHWKDQROFRQFHQWUDWLRQV
DV ORZ DV  ZZ  7KLV LV VXSSRUWHGE\WKH ILQGLQJV RI 'D3RUWR DQG 1LFROL
 ZKR VKRZHGWKDWGLDFHW\OSDUWLWLRQFRHIILFLHQWGHFUHDVHGZLWK LQFUHDVLQJ
HWKDQROFRQFHQWUDWLRQIURP  +RZHYHUWKHGHJUHHRIUHGXFWLRQZDVQRWDV
KLJKUHGXFWLRQDWHWKDQRO
$QRWKHU IDFWRU WKDW PD\KDYH FRQWULEXWHG WR WKH REVHUYHGUHGXFWLRQ LQ GLDFHW\O
SDUWLWLRQ LV UHODWHG WR WKH XVH RI $3FO06 IRU PHDVXULQJ WKH KHDGVSDFH
FRQFHQWUDWLRQ $]QDU et al.  VXJJHVWHG WKDW WKH ORZHU SURWRQ DIILQLW\ RI
HWKDQRO FRXOG GLVSODFH ZDWHU DV WKH LRQLVLQJ UHDJHQW LQ WKH VRXUFH WKHUHE\
LQIOXHQFLQJ WKH GHJUHH RI LRQLVDWLRQ RFFXUULQJ 6XEVHTXHQWO\ WKHVH DXWKRUV
VKRZHGWKDWWKHSUHVHQFHRIHWKDQRO LRQV DWWKH LRQLVDWLRQVRXUFH GHFUHDVHGWKH
$3FO06VLJQDOVRIGLDFHW\ODQGOLPRQHQH 7KLVPD\FRQWULEXWHWR WKHUHGXFWLRQ




 PRGH WR DVVHVV WKHDIIHFWV RIWKH HWKDQRO UHDJHQWLRQV &RPSDULVRQV
IRU GLDFHW\O DQG OLPRQHQH FRQILUPWKH ILQGLQJV RI$]QDUet al.  $W  
HWKDQROFRQFHQWUDWLRQVWKHUHGXFWLRQVLQKHDGVSDFHFRQFHQWUDWLRQZHUHDQG
UHVSHFWLYHO\IRUGLDFHW\ODQGOLPRQHQHZKHQPHDVXUHGLQQRUPDOPRGH7KHVH




$]QDU et el.  DOVR VKRZHG WKDW WKH GHWHFWHG VLJQDO RI VRPH DURPD
FRPSRXQGV ZDV LQFUHDVHG LQ WKHSUHVHQFHRIHWKDQRO 7KH\VXJJHVWHGWKDW WKHVH
GLIIHUHQFHVPD\EHGXH WR FOXVWHULRQGLVWULEXWLRQ $QLQFUHDVH LQWKHQXPEHURI
&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
HWKDQRO GLPHUV SUHVHQW P WKH LRQLVDWLRQ VRXUFH ZDV REVHUYHG DV WKH HWKDQRO
FRQFHQWUDWLRQ LQ WKH VDPSOH LQFUHDVHG 7KHSURWRQ WUDQVIHU IURP WKH UHDJHQW LRQ
WR GLDFHW\O WKXV EHFRPHV HQGRWKHUPLF DQG EHFRPHV XQIDYRXUDEOH WKHUHE\
UHGXFLQJWKH LRQLVDWLRQ (WK\OEXW\UDWHKDV DSURWRQDIILQLW\VLPLODUWR WKDWRIWKH
GLPHU 7KH\UHSRUWHGWKDWWKLVSURGXFHGDLQFUHDVHLQ VLJQDOGHWHFWLRQ






 UHGXFWLRQVZHUHREVHUYHGIRU OLQDORRODQGHWK\OEXW\UDWHUHVSHFWLYHO\ 7KLV
FRPSDUHV WR UHGXFWLRQV RI DQG   REVHUYHG XVLQJ WKH 
HWKDQROLF
 PRGH
(WKDQRO PD\ FKDQJH WKH IUDJPHQWDWLRQ SDWWHUQ RI VRPH LRQV :DWHU SURWRQ
WUDQVIHU ZDV YHU\ H[RWKHUPLF FDXVLQJ D KLJKHU OHYHO RI IUDJPHQWDWLRQ 7KH
UHGXFWLRQ RI WKH H[RWKHUPLF QDWXUH RI WUDQVIHU ZLOO UHGXFH WKH OHYHO RI
IUDJPHQWDWLRQDQGWKHUHE\LQFUHDVHWKHVLJQDOGHWHFWHG
2YHUDOO WKH HIIHFWV RIHWKDQRO LRQV DW WKH LRQLVDWLRQ VRXUFHPD\ DIIHFW GLIIHUHQW
DURPDFRPSRXQGV LQ GLIIHUHQWZD\V ,QFUHDVLQJWKH HWKDQRO FRQFHQWUDWLRQLQ WKH
VDPSOH ZLOO LQFUHDVH WKLV HIIHFW DQG WKXV GDWD LQWHUSUHWDWLRQ LV GLIILFXOW ZKHQ
HWKDQRO ZDV SUHVHQW ZLWKLQ WKH VDPSOHV ZLWKRXW WKH XVH RI WKH V\VWHP DV
GHVFULEHG LQ WKLV 6HFWLRQ 7KH V\VWHP XVHG DOWKRXJK D VXLWDEOH WHFKQLTXH IRU
PHDVXULQJ KHDGVSDFH FRQFHQWUDWLRQV PD\ EH VXEMHFW WR GHJUHHV RIFRPSHWLWLRQ
WKDWZLOO LQIOXHQFH WKH LRQLVDWLRQRIWKHFRPSRXQGVE\$3FL06 $PRUH UREXVW
WHFKQLTXH VXFK DV *&06 ZRXOG JLYH DQ LQGLFDWLRQ RI DQ\ HOHPHQWV RI
FRPSHWLWLRQ WKDW PLJKW EH RFFXUULQJ $WWHPSWV KDYH EHHQ PDGH ZKHQ XVLQJ
$3FL06 WR UHGXFH WKH OHYHOV RIFRPSHWLWLRQ LQ WKLV H[SHULPHQW E\ PHDVXULQJ
VLQJOH YRODWLOH FRPSRXQGV DQG DVVHVVLQJ WKH OHYHOV RIVROYHQW LRQV SURGXFHG DW




5.1.3 Effects of Glycerol 
*O\FHUROZDV WKHPRVWK\GURSKLOLFVROYHQWLQYHVWLJDWHG It KDV D/RJSYDOXHRI
 7DEOH  DQG LV UHDGLO\ PLVFLEOH ZLWK ZDWHU 7KLV FRXSOHG ZLWK LWV KLJK
YLVFRVLW\ VXJJHVWHGWKDW LWPD\EHWKH OHDVWHIILFLHQWDWVROXELOLVLQJWKHJHQHUDOO\




LQFUHDVHGJO\FHURO FRQFHQWUDWLRQ (WK\OEXW\UDWHVKRZVDQ LQLWLDO LQFUHDVHDW
JO\FHURO IROORZHG E\ UHGXFWLRQV ZLWK LQFUHDVLQJ VROYHQW /LQDORRO VKRZV D
UHGXFWLRQ RI DERXW   LQ KHDGVSDFH FRQFHQWUDWLRQ DW   JO\FHURO EXW
VXEVHTXHQW LQFUHDVHV LQ VROYHQW FRQFHQWUDWLRQ GR QRW VLJQLILFDQWO\ DIIHFW WKH
SDUWLWLRQ &RQYHUVHO\ PHWK\O DFHWDWH DQG HWK\O DFHWDWH GHPRQVWUDWH LQFUHDVHV LQ
SDUWLWLRQ ZLWK LQFUHDVLQJ VROYHQW FRQFHQWUDWLRQ (WK\O KH[DQRDWH DJDLQ VKRZV
PLQLPDO HIIHFWVRIWKH VROYHQWV DQGOLPRQHQHDJDLQ VKRZVDVXEVWDQWLDO LQFUHDVH











)LJXUH (IIHFWRIJO\FHURORQ KHDGVSDFHFRQFHQWUDWLRQRIYRODWLOHV EHWZHHQDQG
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)LJXUH (IIHFWRIJO\FHURORQ KHDGVSDFHFRQFHQWUDWLRQRIYRODWLOHVEHWZHHQ DQG
 R ZZ JO\FHURO )RXU DURPD FRPSRXQGV HWK\O EXW\UDWH HWK\O KH[DQRDWH
OLQDORRO DQG OLPRQHQH +HDGVSDFHFKDQJHLV H[SUHVVHG UHODWLYHWR WKHZDWHUVDPSOH
0HDQVRI  UHSOLFDWHV 
&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
7KH LQFUHDVH LQ OLPRQHQH FRQFHQWUDWLRQ RI WLPHV WKDW LQ WKH DEVHQFH RI
JO\FHURO VXJJHVWV WKDWJO\FHUROZDVQRW LQFUHDVLQJWKH VROXELOLW\RIOLPRQHQHEXW
ZDV DFWXDO GHFUHDVLQJ LWV UHWHQWLRQ LQ WKH DTXHRXV SKDVH *O\FHURO PD\ UHGXFH
DUHDV WKDW OLPRQHQH ZRXOGRFFXS\ZLWKLQ WKH ZDWHUVWUXFWXUH WKHUHE\ LQFUHDVLQJ
OLPRQHQH PDVV WUDQVIHU DQG LQFUHDVLQJ LWV FRQFHQWUDWLRQ LQ WKH KHDGVSDFH
<DONRZVN\ E KDV VXJJHVWHG WKDW WKH FRVROXELOLW\ HIIHFW RIJO\FHURO LV
DERXW   WKDW RISURS\OHQH JO\FRO DQG WKLV PD\ H[SODLQ WKH ORZHU HIIHFWV RI
JO\FHURO REVHUYHG IRU DOO RIWKH DURPD FRPSRXQGV 7KLV ZLOO HVSHFLDOO\ EH WKH
FDVHIRUWKHPRVWK\GURSKRELFPROHFXOHVVXFKDVOLPRQHQH
,QFUHDVHG FRQFHQWUDWLRQV RIJO\FHURO ZLOO LQFUHDVH WKH YLVFRVLW\ RIWKH VROXWLRQ
1DKRQ et al., D VXJJHVWHG WKDW K\GURSKRELF FRPSRXQGV VKRZHG OHVV
UHOHDVHEHFDXVHWKHYLVFRVLW\RIWKHVROXWLRQLQFUHDVHG :LWK LQFUHDVHGYLVFRVLW\




5.1.4 Effects of Triacetin 
7ULDFHWLQ H[KLELWHGD ORZDTXHRXV VROXELOLW\DQG WKHUHIRUH DW WKH FRQFHQWUDWLRQV
XVHG UHDFKHG LWV VROXELOLW\ OLPLW DQG VHSDUDWHG RXW IURP WKH DTXHRXV SKDVH
2ZLQJWR LWV GHQVLW\ JFP EHLQJJUHDWHUWKDQWKDWRIZDWHU LW IRUPHG D
VHSDUDWH SKDVH DW WKH ERWWRP RIWKH VROXWLRQ LH QRW LQ FRQWDFW ZLWK WKH JDV
SKDVH 7KLV ZLOO KDYH LPSOLFDWLRQV IRU SDUWLWLRQLQJ RIWKH DURPD FRPSRXQGV
7KLV SKDVH VHSDUDWLRQ SURFHVV EHFDPH YLVLEO\ DSSDUHQW EHWZHHQ  DQG  
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7ULDFHWLQ&RQFHQWUDWLRQ(% ZZ
)LJXUH(IIHFWRIWULDFHWLQRQKHDGVSDFHFRQFHQWUDWLRQRIYRODWLOHVEHWZHHQDQG
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' (WK\OEXW\UDWH ' (WK\OKH[DQRDWH
U- /LQDORRO '/LPRQHQH
2    
7ULDFHWLQ&RQFHQWUDWLRQ(% ZZ
)LJXUH(IIHFWRIWULDFHWLQRQKHDGVSDFHFRQFHQWUDWLRQRIYRODWLOHVEHWZHHQDQG
 R ZZ WULDFHWLQ )RXU DURPD FRPSRXQGV HWK\O EXW\UDWH HWK\O KH[DQRDWH




7KH XVH RI WULDFHWLQ K\GURSKRELF VROYHQW DJDP VKRZHG D YHU\ GLIIHUHQW
UHVSRQVH'XHWR LWVK\GURSKRELFQDWXUHLWZDVH[SHFWHGWKDWWULDFHWLQZRXOGKDYH
DVLJQLILFDQWHIIHFWRQFRPSRXQGVZLWKPRUHK\GURSKRELFSURSHUWLHV,QUHDOIRRG
VLWXDWLRQV WULDFHWLQ LV JHQHUDOO\ XVHG WR VROXELOLVH ZDWHU VROXEOH FRPSRXQGV LQ
OLSLGSKDVHV
)LJXUHV  DQG  VKRZ WKDW KLJK WULDFHWLQ FRQFHQWUDWLRQV !  OHG WR D
GHFUHDVH LQ WKH KHDGVSDFH FRQFHQWUDWLRQ IRU DOO RIWKH FRPSRXQGV H[FHSW HWK\O
EXW\UDWH ZKLFK VKRZHG D YHU\ KLJK LQFUHDVH 7KH K\GURSKRELF FRPSRXQGV
VKRZHG WKH JUHDWHVW HIIHFWV 7KLV VXJJHVWV WKDW WKHVH FRPSRXQGV ZHUH




,Q FRQWUDVW HWK\O EXW\UDWH VKRZHG DQ LQFUHDVH LQ WKH KHDGVSDFH FRQFHQWUDWLRQ
ZKLFK VXJJHVWV WKDW WULDFHWLQ ZDV IRUFLQJ LWRXW RIVROXWLRQ +RZHYHU WKLV GRHV
QRW ILW ZLWK WKHSUHYLRXV K\SRWKHVHV It PD\EH WKH FDVH WKDW HWK\O EXW\UDWHZDV
OHVV VROXEOH LQWULDFHWLQKRZHYHU WKHGHFOLQH LQ WKH DQG% VDPSOHV VXJJHVWV
WKDWWKLVZDVQRWWKHFDVH
$W ORZHU WULDFHWLQ FRQFHQWUDWLRQV   OLQDORRO GLDFHW\O DQG HWK\O EXW\UDWH
ZHUH VLJQLILFDQWO\ ORZHU DQG OLPRQHQH ZDV VLJQLILFDQWO\ KLJKHU ZLWK WKH RWKHU
FRPSRXQGV KDYLQJ D VLPLODU KHDGVSDFH FRQFHQWUDWLRQ WR WKDW RIZDWHU 7KLV
VXJJHVWVWKDWOLPRQHQHZDVIRUFHGRXWRIVROXWLRQE\WULDFHWLQZKLFKPD\EHGXH
WR WKH IDFW WKDW LQ RUGHU IRU WKH WULDFHWLQ WR EH VROXEOH LQ WKH SKDVH LW ZDV QRW

FDSDEOHRIVROXELOLVLQJOLPRQHQH 7KLV LV KRZHYHU VHHPVXQOLNHO\WREHWKHFDVH






2YHUDOO WKHVH UHVXOWV VXJJHVW WKDW WKH VROYHQWV LQFUHDVH WKH VROXELOLW\ RIYRODWLOH
FRPSRXQGV LQ WKH DTXHRXV SKDVH WKHUHE\ UHGXFLQJ WKHLU SDUWLWLRQ DQG DFWLYLW\
FRHIILFLHQWV KRZHYHU WKHUH DUH FHUWDLQ H[FHSWLRQV ZKLFK PD\ EH GXH WR
SURSHUWLHV RIWKH FRPSRXQGV RU LRQLVDWLRQSDUDPHWHUV RIWKH $3FO06 6ROYHQW
HIIHFWVYDU\VLJQLILFDQWO\GHSHQGLQJRQWKHDURPDFRPSRXQGLQTXHVWLRQ
7KH LPSRUWDQFHRQWKHSURSHUWLHVRIWKH FRVROYHQWVFDQQRWEH LJQRUHGDQGWKHUH
LV D VXJJHVWLRQ WKDW HWKDQRO LV WKH PRVW HIILFLHQW FRVROYHQW IRU LQFUHDVLQJ
UHWHQWLRQRIDURPDFRPSRXQGV LQ VROXWLRQ 7KLV LV IROORZHGE\SURS\OHQHJO\FRO
DQG VXEVHTXHQWO\ JO\FHURO DQG WKLV LV LQ DJUHHPHQW ZLWK WKH SUHGLFWLRQ E\
<DONRZVN\ E EDVHG RQ VROYHQW SDUDPHWHUV +RZHYHU WKH GLIILFXOWLHV LQ
GDWD LQWHUSUHWDWLRQ DVVRFLDWHG ZLWK WKH HWKDQRO VDPSOHV PDNH DQ\ FRQFOXVLRQV
GLIILFXOWWRFRQILUP
6DPSOH SUHSDUDWLRQ PD\ DOVR EH DQ LPSRUWDQW DVSHFW WR FRQVLGHU 6DPSOHV
GLVVROYHGLQDVROYHQWVROXWLRQZKLFKDUHVXEVHTXHQWO\GLOXWHGVORZO\GRZQ
WR % WRWDO VROYHQW FRQFHQWUDWLRQZLOO VKRZ DQ LQFUHDVHG VROXELOLW\ HIIHFW WKDQ
VDPSOHV SUHSDUHGLQ   VROYHQW VROXWLRQV 6FKREHU DQG 3HWHUVRQ E 7KLV
KDV LPSOLFDWLRQV IRU WKH ZD\ LQ ZKLFK DURPD FRPSRXQGV DUH DGGHG WR WKH
VROXWLRQDQGWKH VXEVHTXHQWGLOXWLRQV PDGH ,QPDQ\ IRRG IODYRXULQJV WKH SXUH
DURPD FRPSRXQGV DUH GLVVROYHG LQ WKH SXUH VROYHQWV DQG VR WKLV ZDV WKH
WHFKQLTXH XVHG LQ WKLV VWXG\ KRZHYHU GLOXWLRQV IURP VWRFN VROXWLRQV RIDURPD
FRPSRXQGVPD\SURYLGHDPRUHUREXVWGDWDVHW
,Q WKH LQWHUSUHWDWLRQ RIWKH UHVXOWV K\GURSKRELFLW\ KDV EHHQ DVVXPHG WR EH WKH
PDMRU GULYLQJ IRUFH IRU VROXELOLW\ EXW WKLV PD\ QRW QHFHVVDULO\ EH WKH FDVH DV
GLIIHUHQW IXQFWLRQDO JURXSVPD\DIIHFWVROXELOLW\)RUH[DPSOH IXQFWLRQDO JURXSV
VXFK DV K\GUR[\O JURXSV PD\ VKRZ EHWWHU VROXELOLW\ WKDQ GHVFULEHG E\ /RJ 3
YDOXHV &DOFXODWLRQ RI/RJ 3 YDOXHV PD\ DOVR EH D VRXUFH RIHUURU ZLWK HDFK
161 
&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
VRIWZDUH SDFNDJH XVPJ GLIIHUHQW SDUDPHWHUV DQG PDQ\ SUHYLRXV VWXGLHV
HPSOR\LQJ GLIIHUHQW WHFKQLTXHV IRU FDOFXODWLQJ WKH YDOXHV 2YHUDOO VL]H RI
PROHFXOHVPD\EH LPSRUWDQWWR ILW LQWR FDYLWLHV LQWKHZDWHU VWUXFWXUH 6ROXELOLW\
SDUDPHWHU GLHOHFWULF FRQVWDQW DQG VXUIDFH WHQVLRQ RIWKH VROYHQWV PD\ DOVR EH
LPSRUWDQW FKDUDFWHULVWLFV GHWHUPLQLQJ D FRPSRXQGSDUWLWLRQFRHIILFLHQW IURP FR
VROYHQWVROXWLRQV
 ,ILQFUHDVLQJFRVROYHQWFRQFHQWUDWLRQEULQJVWKHSRODULW\RIWKHDTXHRXVVROXWLRQ
FORVH WR WKDW RI WKH VROXWH GHYLDWLRQ IURP WKH ORJ OLQHDU DSSURDFK FDQ EH
H[SHFWHG7KHORJOLQHDUDSSURDFKVXJJHVWVWKDWWKHFRVROYHQWVLQZDWHUJHQHUDWH





KDGQRHIIHFWVRQSDUWLWLRQRIPDQ\DURPDFRPSRXQGVXS WR OHYHOVRI DQG
WKHQ RQO\ RQ WKH PRVW K\GURSKRELF FRPSRXQGV &RQQHUet al.  (VFDORQD
%XHQGLD et al.  KRZHYHU WKHVH DXWKRUV XVHG *&06 WR PHDVXUH WKH GDWD
DQG WKLV ZRXOG HOLPLQDWH DQ\ RI WKH SUREOHPV DVVRFLDWHG ZLWK FRPSHWLWLRQ
H[SHULHQFHGZKHQXVLQJ$3FL06
5.2 Static Headspace Analysis of Gas Phase Concentration 
Above Sucrose 'Sugar mix' Solutions 
7KH LPSRUWDQFH RI VROYHQWV RQ SDUWLWLRQ IURP DTXHRXV VROXWLRQV KDV EHHQ
GHPRQVWUDWHG +RZHYHU PRVW UHDO IRRGV DUH QRW SXUHO\ DTXHRXV V\VWHPV DQG
FRQWDLQ D UDQJH RIRWKHUPROHFXOHV LQFOXGLQJ VXJDUV VDOWV DQG DFLGV DV ZHOO DV




$V FRVROYHQWV FKDQJH WKH SRODULW\RIWKH OLTXLGSKDVH RIWKH V\VWHP WKH HIIHFWV
RI WKH SUHVHQFH RI VXJDUV DQG DFLGV ZKLFK DOVR DIIHFW WKH SRODULW\ ZHUH
LQYHVWLJDWHG $ 
VXJDU PL[












VWXGLHG :LHQWMHV  .LHFNEXVFK DQG .LQJ D (EHOHU et al.  /H
7KDQKet al.  1DKRQ et al.  5REHUWV et al. 1DKRQet al. D
1DKRQ et al.  +DQVVRQ et al. D 7KHVH DXWKRUV KDYH VKRZQ D ZLGH
UDQJH RIHIIHFWV RIVXJDUV DQG DFLGV RQ WKHSDUWLWLRQDQGDFWLYLW\ FRHIILFLHQWV RI
DURPD FRPSRXQGV 
6XJDU PL[
 ZDV VWXGLHG WR JLYH D UHSUHVHQWDWLRQ RI WKH
GLVVROYHG VDPSOH LQ WKHPRXWKDQGKRZWKLV DIIHFWV WKH SDUWLWLRQDQGUHOHDVH IRU







 ZDV SURGXFHG WR UHSUHVHQW WKH HIIHFWV RI D VROXWLRQ DIWHU WKH
EUHDNGRZQ RID PRUH FRPSOH[ PDWUL[ 7KH VWDWLF KHDGVSDFH FRQFHQWUDWLRQZDV
PHDVXUHG IRU ILYH DURPD FRPSRXQGV DERYH D 
VXJDUPL[
 VROXWLRQ FRPSDUHGWR
LQ ZDWHUDORQH )LJXUH  VKRZV WKDW WKH PRUH K\GURSKLOLF FRPSRXQGV PHWK\O
DFHWDWH KH[DQRO DQG HWK\O EXW\UDWH ZHUH SUHVHQW LQ WKH KHDGVSDFH DW KLJKHU
FRQFHQWUDWLRQV VXJJHVWLQJDVDOWLQJRXW HIIHFWDV GHVFULEHGE\QXPHURXV RWKHU
DXWKRUV 1DZDU  9RLOOH\ et al.  5REHUWV et al.  1DKRQ et al. 
D 1DKRQ et al. E )ULHO et al.  1DKRQ et al.  &RPSRXQGV

&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
ZLWK WKH ODUJHVW LQFUHDVH LQKHDGVSDFHFRQFHQWUDWLRQRQDGGLWLRQRIVXFURVHZHUH
WKRVH RID K\GURSKLOLF QDWXUH ZKHUHDV K\GURSKRELF FRPSRXQGV ZHUH VDOWHG LQ
GXH WR DUHGXFWLRQLQ WKHSRODULW\RIWKH V\VWHPK\GURSKRELFUHJLRQV 1DKRQet 
al. D 9RODWLOLW\ ZDV VKRZQ WR EH UHGXFHG LQ VXFURVH VROXWLRQV IRU SRODU
FRPSRXQGV DQG LQFUHDVHG IRU QRQSRODU RQHV E\ 5REHUWV et a/.  7KH\
VXJJHVWHG WKDW GXH WR WKH KLJKHU YRODWLOLW\ RIWKH PRUH SRODU FRPSRXQGV WKH\
ZRXOGEH PRVW DIIHFWHGE\WKH LQFUHDVH LQ WKH VROLGV FRQWHQWZKLFKZRXOGVHUYH
WR KLQGHU DURPD FRPSRXQGPRYHPHQW LQ VROXWLRQ 7KLV GDWDKRZHYHU FRQWUDVWV
WR WKHUHVXOWVREWDLQHGLQRXUH[SHULPHQWV2XUUHVXOWVVKRZWKHRSSRVLWHHIIHFWDW
WKHKLJKVXJDUFRQFHQWUDWLRQVZLWKK\GURSKLOLFPHWK\ODFHWDWHVDOWHGRXWWKHPRVW
DQG DOO WKH FRPSRXQGV H[FHSW PHQWKRIXUDQ VDOWHG RXW LQ WKLV V\VWHP 7KH
SUHVHQFH RIJOXFRVH V\UXS UDWKHUSXUH VXFURVH PD\SURYLGH PRUH DYDLODEOH IUHH
ZDWHU DOORZLQJ JUHDWHU PRYHPHQW RIYRODWLOHV WKDQ ZDV WKH FDVH LQ 5REHUWV
V\VWHP +RZHYHU WKH GDWD DJUHH ZHOO ZLWK WKDW RI)ULHO  ZKR VKRZHG
VDOWLQJRXWRIOLQDORROPHWK\ODFHWDWHHWK\OEXW\UDWHDQGKH[DQRODQGDVDOWLQJLQ
RIPHQWKRIXUDQZKLFKLV LQDJUHHPHQWZLWKRXUGDWD
3RODULW\ VLJQLILFDQWO\ LQIOXHQFHV WKH VROXELOLW\ EXW SDUWLWLRQ PD\ EH D UHVXOW RI
RWKHU SURSHUWLHV VXFK DV WKH YDSRXU SUHVVXUH VL]H DQG VWUXFWXUH RI WKH
FRPSRXQGV 7KHUHIRUH /RJ 3 PD\ QRW EH RQO\ IDFWRU LQIOXHQFLQJ SDUWLWLRQ
HVSHFLDOO\ LQ WKRVH VDPSOHV ZKLFK DUH IURP LGHDO VROXWLRQV 1DKRQ D
VKRZHG VRPH FRPSRXQGV K\GURSKLOLF KDG QR VDOWLQJ RXW HIIHFW DW ORZ ORJ 3
YDOXHV )ULHO et al.  UHODWHG WKH HIIHFWV RI  VXFURVH RQ SDUWLWLRQ
FRHIILFLHQWV WR SURSHUWLHV RIWKH DURPD FRPSRXQGV LQFOXGLQJ /RJ 3 /802
HQHUJLHV DQG D FRQQHFWLYLW\ LQGH[ WHUP /LQDORRO VKRZV WKH LQIOXHQFH RIWKHVH
ILQGLQJV LQ WKDW DOWKRXJK LW LV D K\GURSKRELF FRPSRXQG /RJ 3 =  LW DOVR
VKRZV DQ LQFUHDVH LQSDUWLWLRQLQ VXFURVHULFKVROXWLRQVZKLFKZDV VXJJHVWHGE\
)ULHO 7KLV LV GLIILFXOW WR H[SODLQ DOWKRXJK VRPH DXWKRUV KDYH VKRZQ WKDW WKH
VDOWLQJ LQ HIIHFW GRHV QRW DSSO\ WR DOO K\GURSKRELF FRPSRXQGV )ULHO et al. 
 /LQDORRO LV DQ H[DPSOH RIWKLV DQG LW PD\EH WKDW WKH K\GURJHQ ERQGLQJ
HIIHFWV EHWZHHQ WKH VXJDUV DQGZDWHUDUH UHGXFLQJ WKH QXPEHURIOLQDORROZDWHU

&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
LQWHUDFWLRQV WKHUHE\UHGXFLQJWKH VROXELOLW\DQGVXEVHTXHQWO\FDXVLQJWKH VDOWLQJ
RXWHIIHFWREVHUYHG
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Headspace Concentration Relative to the Concentration above Water 
Figure 5.9 Effect of 'sugar mix' on the partition of aroma compounds compared to 
partition above water solutions. Means of four replicates. Data normalised to water 
sample. 
0HQWKRIXUDQ WKH PRVW K\GURSKRELF FRPSRXQG /RJ P  XVHG VKRZHG D
VLJQLILFDQWVDOWLQJLQHIIHFW1RQSRODUFRPSRXQGVVLPLODUWRPHQWKRIXUDQKDYH
EHHQVKRZQWREHVDOWHGLQDWKLJKVXFURVHFRQFHQWUDWLRQV5REHUWVet al. 
1DKRQet al. D7KLVLV LQWHUHVWLQJDVDOWKRXJKWKHVROXELOLW\RIPHQWKRIXUDQ
LV OHVV WKDQ OLQDORRO LQ ZDWHU LW GRHV QRW VKRZ WKH QRQOLQHDUHIIHFW DV WKH IUHH
ZDWHU DYDLODEOH IRU GLVVROXWLRQ GHFUHDVHV LQVWHDG LW EHFRPHV PRUH VROXEOH LQ
VROXWLRQ It LV SRVVLEOH WKDW WKH LQFUHDVHG K\GURSKRELF QDWXUH RIWKH VROXWLRQ LV
SUHIHUHQWLDOO\VROXELOLVLQJWKHPHQWKRIXUDQWKHUHE\LQFUHDVLQJLWVVROXELOLW\
:LHQWMHV  VKRZHG UHGXFWLRQ RIVWUDZEHUU\ YRODWLOHV LQ KHDGVSDFH ZKHQ
DGGHG WR IUXFWRVH DQG LQYHUW V\UXS &LWULF DQG SKRVSKRULF DFLG GHFUHDVHG WKH
UHOHDVH RIHVWHUVDQG WKHHIIHFWZDV VXJJHVWHGWR EHGXH WR WKHGLVVRFLDWHGIRUPV

&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
RIWKHDFLGV +DQVVRQet al. E 7KLV HIIHFWZDVRQO\REVHUYHGIRU HVWHUV EXW
RWKHUDURPDFRPSRXQGVZHUHXQDIIHFWHG7KHRWKHUIODYRXUFRPSRXQGVZHUHQRW
DIIHFWHG $KPHG  DOVR VKRZHG WKDW DFLGV DQG VXJDUV OHG WR LQFUHDVH LQ




 ZLOO DOVR LQIOXHQFH WKH SDUWLWLRQ FRHIILFLHQW RI WKH DURPD
FRPSRXQGVE\DIIHFWLQJWKHLUVROXELOLWLHVLQWKHVROXWLRQ
$W WKHVH KLJK VXJDU OHYHOV WKH VXJDU FDXVHV WKH VROXWLRQ WR EHFRPH PRUH
K\GURSKRELF LQFUHDVLQJ WKH UHWHQWLRQ RIWKH K\GURSKRELF FRPSRXQGV GH 5RRV
DQG :ROVZLQNHO  7KH OLNHOLKRRG RI VXFURVHVXFURVH LQWHUDFWLRQV ZLOO
LQFUHDVH DV WKH VXFURVH FRQFHQWUDWLRQ LQFUHDVHV DQG WKXV WKH QXPEHU RI
K\GURSKRELF UHJLRQV DYDLODEOH IRU K\GURSKRELF DURPD FRPSRXQG UHWHQWLRQ ZLOO
LQFUHDVH 7KH VWUXFWXUHRIWKH VROXWLRQZLOOEHDOWHUHGE\WKH LQFUHDVHRIVXFURVH
$W ORZ VXJDU FRQFHQWUDWLRQV WKH VXJDUV ZLOO EH WRWDOO\ K\GUDWHG DQG WKXV WKHLU
LPSDFWRQWKHZDWHUVWUXFWXUHZLOOEHPLQLPDO$VWKHFRQFHQWUDWLRQLQFUHDVHVWKH
QXPEHURIVXFURVHVXFURVHERQGVZLOOEHKLJKHU$VLWGLVVROYHVDQGLVGLOXWHGWKH
QXPEHU RILQWHUPROHFXODU K\GURJHQ ERQGV ZLOO GHFUHDVH IURP WZR WR RQH DQG
WKHQ WR QRQH DW VROXWLRQVRIOHVV WKDQ6WDU]DNet al.  7KLV RFFXUV DV
WKH PROHFXOHVRIVXFURVHZLOOKDYH OHVV LQWHUDFWLRQZLWKRQH DQRWKHUDQGZLOOEH
EHWWHUVXUURXQGHGE\ZDWHUPROHFXOHV DV WKH FRQFHQWUDWLRQRIVXFURVHGHFUHDVHV
7KHVH FKDQJHV LQ VWUXFWXUHZLOO DOWHUWKH VROXWLRQVXFKWKDW GLIIHUHQWFRPSRXQGV
DUH UHWDLQHG EDVHG RQ WKHLU SK\VLFDO FKHPLFDO SURSHUWLHV <DONRZVN\ D
UHSRUWHG WKDW VXJDUV PD\ DFW DV FRVROYHQWV E\ DOWHULQJ WKH SRODULW\ RI WKH









PDWWHUFRQWHQW LV LPSRUWDQWWR HQVXUH WKDW WKH OHYHOVRIVXJDUVZLWKLQ WKHVDPSOHV
UHPDLQ FRQVWDQW IRU HDFK DV WKHVH DUH WKH LPSRUWDQW PROHFXOHV LQIOXHQFLQJ
SDUWLWLRQLQWKLVV\VWHP




+DYLQJ REVHUYHG HIIHFWV RIWKH 
VXJDUPL[
 RQ SDUWLWLRQ WZR RIWKH FRPSRXQGV
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2  6ROYHQW&RQFHQWUDWLRQ(w/w%) 
)LJXUH  (IIHFW RI LQFUHDVLQJ VROYHQW FRQFHQWUDWLRQ RQ WKH UHODWLYH KHDGVSDFH






)LJXUH VKRZV WKDW WKH XVH RIVROYHQWVKDGPL[HGHIIHFWV RQ WKHSDUWLWLRQRI
OLQDORRO 3URS\OHQH JO\FRO LQFUHDVHG WKH UHWHQWLRQ LQ WKH VROXWLRQ EXW ZDV QRW
VXEMHFW WR IXUWKHU LQFUHDVHV ZKHQ WKH VROYHQW FRQFHQWUDWLRQ ZDV LQFUHDVHG 7KLV
VXJJHVWV WKDW SURS\OHQH JO\FRO ZDV LQFUHDVLQJ WKH VROXELOLW\ RIOLQDORRO LQ WKH
PL[WXUH+RZHYHUWKHHIIHFWRI% SURS\OHQHJO\FROZDVQRWDVSURQRXQFHGDV
IRU PHWK\O DFHWDWH )LJXUH  DQGWKLV PD\EH GXH WR D UHGXFHGVROXELOLW\ RI
OLQDORRO LQ SURS\OHQH JO\FRO /LQDORRO VKRZV D UHGXFWLRQ LQ KHDGVSDFH
FRQFHQWUDWLRQ ZLWK LQFUHDVLQJ HWKDQRO FRQFHQWUDWLRQ 7KLV ZDV DJDLQ GXH WR
LQFUHDVHGVROXELOLW\ZKLFKUHGXFHGLWV DELOLW\WR SDUWLWLRQLQWR WKHJDVSKDVH 7KH
SUHVHQFH RI VXJDUV ZLOO LQFUHDVH WKH K\GURSKRELF QDWXUH RIWKH VROXWLRQ DQG
WKHUHIRUHLWPD\EHWKDWWKHLQFUHDVHGK\GURSKLOLFLW\SURGXFHGE\WKHSUHVHQFHRI
JO\FHURO ZDV DFWXDOO\ UHGXFLQJ OLQDORRO VROXELOLW\ *O\FHURO FDQ DOVR KDYH D

VDOWLQJ RXW HIIHFW
 LQ VROXWLRQV 1DZDU  ZKLFK PD\ H[SODLQ WKH
REVHUYDWLRQVVHHQIRUOLQDORROZLWKLQFUHDVLQJJO\FHUROFRQFHQWUDWLRQV
)LJXUH VKRZVDPRUHGUDPDWLFHIIHFWIRUQHWK\O DFHWDWH $W SURS\OHQH
JO\FRODQGJO\FHUROVKRZQRVLJQLILFDQWGLIIHUHQFHVLQSDUWLWLRQKRZHYHUHWKDQRO
VKRZV DQ   UHGXFWLRQ LQ WKH KHDGVSDFH FRQFHQWUDWLRQ 7KLV DSSHDUV WR
FRQWUDGLFW WKH GDWD REVHUYHG LQ DTXHRXV VROXWLRQ IRU HWKDQRO ZKLFK VKRZV DQ
LQFUHDVHG KHDGVSDFH FRQFHQWUDWLRQ RIPHWK\O DFHWDWH +RZHYHU FRPSDULQJ WKH
UHVSRQVH IRU WKH PHWK\O DFHWDWH SDUWLWLRQ LQ WKH 
VXJDUPL[
 FRPSDUHG WR ZDWHU
GDWDQRW VKRZQ LQGLFDWHGWKDW D   LQFUHDVHZDV REVHUYHG 7KLV VXJJHVWHG
WKDW DOWKRXJK PHWK\O DFHWDWH VKRZHGKLJKHU GHWHFWLRQ LQ HWKDQRO VROXWLRQV WKDQ
ZDWHU)LJXUHWKHHIIHFWRIWKHVXJDUVZDVJUHDWHU7KHUHIRUHWKHSUHVHQFHRI
HWKDQROZLOODFWXDOO\UHGXFHWKHKHDGVSDFHFRQFHQWUDWLRQRIPHWK\ODFHWDWHDERYH
VXJDUVROXWLRQVE\LQFUHDVLQJ LWV VROXELOLW\ LQWKLV V\VWHP $JDLQWKH LPSRUWDQFH
RIHWKDQRORQWKH LRQLVDWLRQRIWKHDURPDFRPSRXQGVPXVWEHFRQVLGHUHGEXWE\





SURS\OHQH JO\FRO DQG JO\FHURO FRQFHQWUDWLRQV 7KLV VXJJHVWV WKDW WKHVH VROYHQWV

&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
KDYH ORZ HIIHFWVDW ORZ FRQFHQWUDWLRQVEXWVLJQLILFDQWUHWHQWLRQRIPHWK\ODFHWDWH
DW  RR 7KH VROYHQWV ZLOO UHGXFH WKH HIIHFWV RIWKH VXJDU VOXUU\ E\ SURYLGLQJ
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6ROYHQW&RQFHQWUDWLRQZZ
)LJXUH  (IIHFW RI LQFUHDVLQJ VROYHQW FRQFHQWUDWLRQ RQ WKH UHODWLYH KHDGVSDFH





LWV K\GURSKRELF HIIHFW 6HUJKDW et al.  7KLV PD\ H[SODLQ WKH UHWHQWLRQ RI
PHWK\O DFHWDWH LQ D V\VWHP ZKLFK HVVHQWLDOO\ VHUYHV WR UHGXFH PHWK\O DFHWDWH
VROXELOLW\ It LV ZHOO NQRZQ WKDW WKH VXUIDFH WHQVLRQ PD\EH UHGXFHGE\ JOXFRVH
DQG VXFURVH 'RFRVOLV et al.  7KLV FDQ LQIOXHQFH WKH SDUWLWLRQ RIDURPD
FRPSRXQGV LQWR WKH JDV SKDVH KRZHYHU WKLV LV PRUH OLNHO\ WR EH WKH FDVH LQ
G\QDPLF VLWXDWLRQV ,Q VWDWLF V\VWHPV DQ HTXLOLEULXPLV UHDFKHGZLWKQR H[WHUQDO
LQIOXHQFHV WKHUHIRUH WKH FRQFHQWUDWLRQ ZLOO EH PDLQWDLQHG &KDQJHV LQ VXUIDFH
WHQVLRQZLOO KDYHPRUHLQIOXHQFHRQG\QDPLFV\VWHPVEHFDXVHDV WKHJDVSKDVHLV
GHSOHWHGPDVV WUDQVIHUZLOO RFFXUIURP WKHOLTXLGWR WKHJDVSKDVHIf WKH VXUIDFH

&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
WHQVLRQ LV UHGXFHG WKLV UDWH RIPDVV WUDQVIHU PD\ ZHOO LQFUHDVH GXH WR WKH
UHGXFWLRQLQUHVLVWDQFHWRPDVVWUDQVIHULQG\QDPLFV\VWHPV3UHVHQFHRIVROYHQWV
PD\ UHGXFHWKH VROXELOLW\RIJOXFRVHDQGVXFURVH3HUHV DQG0DFHGR  DQG
WKLV FRXOG LQIOXHQFH WKH HIIHFWV RIWKH VROYHQWV RQ WKH SDUWLWLRQ RIWKH DURPD
FRPSRXQGV
5.3 Volatile Release from Gels Containing Solvents in a 
Dynamic Headspace System 
'\QDPLF KHDGVSDFH DQDO\VLV ZDV XVHG WR JWYH D EHWWHU UHSUHVHQWDWLRQ RIWKH
V\VWHPWKDWRFFXUV in vivo. 7KHV\VWHPZDV VHWXS DV GHVFULEHGLQ 6HFWLRQ
7ZR DURPD FRPSRXQGV ZHUH DVVHVVHG OLQDORRO DQG PHWK\O DFHWDWH '\QDPLF
UHOHDVH RI DURPD FRPSRXQGV LV D FRPPRQO\ XVHG WHFKQLTXH IRU PHDVXULQJ
UHOHDVH DQG FDQ EH XVHG WR VWXG\ D UDQJH RIIDFWRUV WKDW LQIOXHQFH UHOHDVH It LV
HVSHFLDOO\ LPSRUWDQW LQ PHDVXULQJ WKH UDWH RIUHOHDVH IURP WKLFNHQHG VROXWLRQV
%DNNHU et al.  RUGLVVROXWLRQ RIVROLG PDWULFHV %DHN et al.  7KHVH
VWXGLHV LQGLFDWH WKDW LW LV DSSURSULDWH WR DVVHVV WKH G\QDPLF UHOHDVHEHKDYLRXURI
YRODWLOHV IURP JHODWLQHVXFURVH JHOV FRQWDLQLQJ FRVROYHQWV YLD WKLV WHFKQLTXH
5HOHDVH IURP JHOVVXFURVH JHOV ZDV LQYHVWLJDWHG *HO VDPSOHV ZHUH DGGHG WR
KHDWHG & ZDWHU VROXWLRQV DQG VWLUUHG PDJQHWLF VWLUUHU USPXQWLO WKH JHO
ZDVIXOO\GLVVROYHG
*HO VDPSOHV ZHUH PDGH DV SHUVHFWLRQ $URPDFRPSRXQGV OLQDORRO DQG
PHWK\O DFHWDWH  PJ / ZHUH SUHGLVVROYHG LQ P/RISXUH VROYHQWEHIRUH
DGGLWLRQWRWKHJHOPL[WXUH
3URILOHV IURP )LJXUH  FOHDUO\VKRZWKH GLIIHUHQWHIIHFWVRIDURPDFRPSRXQG
UHOHDVH ZKHQ GLIIHUHQW VROYHQWV DUH XVHG 7KH SUHVHQFH RIWKH VROYHQWV KDG QR
HIIHFW RQ WKH VPRRWKSURILOH RIUHOHDVH IRU WKH SRODU FRPSRXQG PHWK\O DFHWDWH
7KLV PD\ EH GXH WR LWVKLJK VROXELOLW\ LQ WKH DTXHRXV SKDVH DQG VXEVHTXHQWO\ LW
ZDV UHOHDVHGLQDFRQVLVWHQWPDQQHUDV WKHJHOGLVVROYHV LQVROXWLRQ ,QWHUHVWLQJO\ 
&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
WKH SUHVHQFH RIHWKDQRO DQG SURS\OHQH JO\FRO HYHQ DW RQO\   DOWHUHG WKH
SURILOH RIUHOHDVH IRU OLQDORRO ,Q WKHVH FDVHV WKH SURILOHV IRU OLQDORRO UHOHDVH
PLPLF WKRVH IRU PHWK\O DFHWDWH UHOHDVH ZLWK D VPRRWK LQFUHDVH DQG D SODWHDX
SKDVH 7KLV FDQ EH UHODWHG WR WKH GHFUHDVH LQ SRODULW\ RIWKH DTXHRXV SKDVH
LQGXFHGE\WKHSUHVHQFHRIWKHVROYHQWZKLFKZLOO LQFUHDVHWKHDURPDFRPSRXQG
VROXELOLW\ LQ WKH DTXHRXV SKDVH +RZHYHU ZKHQZDWHURUJO\FHURO ZHUHXVHGDV
FRVROYHQWV WKH GHFUHDVH LQ SRODULW\ ZDV UHGXFHG DQG KHQFH OLQDORRO ZDV OHVV
VROXEOH LQ WKH DTXHRXV SKDVH 7KLV ZLOO DIIHFW WKH GLVSHUVLRQ RI WKH DURPD
FRPSRXQG WKURXJKRXW WKH VROLG PDWUL[ SKDVH DQG ZLOO OHDG WR DUHDV RI
FRQFHQWUDWHG DURPD FRPSRXQGV DV WKH QRQVROXELOLVHG YRODWLOH FRPSRXQGV
DJJUHJDWH WRJHWKHU /LQIRUWK et al. D 7KLV ZLOO FDXVH D PRUH GURSOHW OLNH
UHOHDVH SDWWHUQ ZLWK EXUVWV RI DURPD EHLQJ UHOHDVHG 1DKRQ et al. 
PHDVXUHG G\QDPLF UHOHDVH DQG VKRZHGWKDW DW ORZHU VXFURVH FRQFHQWUDWLRQV WKH
SDUWLWLRQ FRHIILFLHQW RI DURPD FRPSRXQGV SULPDULO\ FRQWUROV IODYRXU UHOHDVH




LV FRQVLGHUHG WKHVH GLIIHUHQFHV DUH QRW VLJQLILFDQW 7KH UHVXOWV PD\ KDYH
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Figure 5.12 APci-MS trace representing the release of linalool (top) and methyl 
acetate {bottom) from gelatine-sucrose gels as measured by dynamic headspace 
analysis. From left to right: ethanol (2 R glycerol (2 R propylene glycol (2  
and water. 
5.4 V olatHe Release from Model Gelatine-sucrose Gel System in 
vivo 
*HODWLQHVXFURVH JHOV ZHUH LQYHVWLJDWHG WR DQDO\VH UHOHDVH IURP D PRGHO
FRQIHFWLRQHU\SURGXFWZKLFKDOVR KDGDPHOWLQJFRPSRQHQWUDWKHUWKDQWKH SXUH
GLVVROXWLRQRIDERLOHGVZHHWPDWUL[ 6ROYHQWFRQFHQWUDWLRQVZHUHNHSWDWDV
WKHVH ZRXOG EH WKH OHYHOV OLNHO\ WR EH IRXQG LQ UHDO IRRG V\VWHPV 6ROYHQWV DW




*HODWLQHVXFURVH JHOV ZHUH WHVWHG IRU DOO WKH DIRUHPHQWLRQHG VROYHQWV H[FHSW
WULDFHWLQ ZKLFK DW WKH FRQFHQWUDWLRQV XVHG VHSDUDWHG RXW DQG GLG QRW PL[ ZHOO
ZLWK WKH KRW JHODWLQHVXFURVH VROXWLRQ 3DQHOOLVWV FRQVXPHG JHOV DV SHU WKH
SURWRFRO VHW RXW LQ 6HFWLRQ  IRU D UDQJH RI DURPD FRPSRXQGV
&RQFHQWUDWLRQV RIDURPD FRPSRXQGV UHOHDVHG RYHU WLPH ZHUH GHWHUPLQHG E\
FDOLEUDWLRQ RIWKH PDVV VSHFWURPHWHUZLWKSUHGHWHUPLQHG VWDQGDUGV ,Q RUGHU WR
REWDLQ D EHWWHU FRPSDULVRQ WKH UHVXOWV ZHUH QRUPDOLVHG IRU HDFK SDQHOOLVW WR
UHGXFHWKHHIIHFWVRILQWHUSDQHOOLVWYDULDWLRQDQGWRJLYHDEHWWHULGHDRIWKHHIIHFW
RIWKHVROYHQWV
5.4.1 Initial Experiments 
'\QDPLF KHDGVSDFH UHVXOWV VKRZHG D GLIIHUHQFH LQ DURPD UHOHDVH SURILOH ZKHQ
FHUWDLQ FDUULHU VROYHQWV ZHUH XVHGDW   FRQFHQWUDWLRQV 7KHPDLQ REVHUYDWLRQ
ZDV WKDW WKH SDWWHUQ RIUHOHDVH ZDV VLJQLILFDQWO\ DOWHUHG IRU WKH K\GURSKRELF
FRPSRXQG OLQDORRO ZKHQ DGGHG LQ ZDWHU RU JO\FHURO FRPSDUHG WR HWKDQRO DQG
SURS\OHQH JO\FRO ,QFUHDVH LQ WKH SRODULW\ RI WKH VROXWLRQ DV D UHVXOW RI WKH
SUHVHQFH RIWKH VROYHQWV FDXVHG OLQDORRO WR EHEHWWHU VROXELOLVHG DQG WKXV EHWWHU
GLVSHUVHG 7KLV EHWWHU GLVSHUVLRQ ZRXOG UHGXFH DQ\ FRQFHQWUDWHG UHJLRQV RI
DURPD FRPSRXQG WKXV SURGXFLQJ WKH VPRRWKHU UHOHDVH SDWWHUQV REVHUYHG 7KH
PD[LPXP LQWHQVLW\ 2PD[ DQG WKH WLPH WR PD[LPXP LQWHQVLW\ 7PD[ ZHUH
FRQVLGHUHG WR EH LPSRUWDQWSDUDPHWHUV ZKHQPHDVXULQJ WKH DURPD UHOHDVH IURP
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)LJXUH  7PD[ YDOXHV IRU WKH GLIIHUHQW FDUULHU VROYHQWV DQG WZR DURPD
FRPSRXQGV0HDQVRI UHSOLFDWHVIURPSDQHOOLVWV
)LJXUH  VKRZV WKDW WKH 7PD[ YDOXH IRU WKH PRUH K\GURSKLOLF FRPSRXQG
KH[DQRO ZDV XQDIIHFWHG E\ WKH SUHVHQFH RI VROYHQWV GXH WR D KLJKHU ZDWHU
VROXELOLW\ ZKHUHDV OLPRQHQH 7PD[ ZDV UHGXFHG ZKHQ VROYHQWV ZHUH SUHVHQW
Â+H[DQRO ZLOO EHGLVSHUVHG WKURXJKRXWWKH PDWUL[ DQGZLOO EH UHOHDVHG DV WKH JHO
GLVVROYHVDQGPHOWV7KHVROYHQWVGRQRWDIIHFWLWVGLVSHUVLRQ7KLVFRUUHVSRQGVWR
WKH ZRUNRI/LQIRUWKet al. D 7KH\VKRZHGWKDWWKH UHOHDVH 2PD[ DQG7PD[
RI KH[HQRO ZDV XQDIIHFWHG E\ WKH XVH RI K\GURSKRELF VROYHQWV GHFDQH DQG
SHQWDGHFDQH ZKHQ FRPSDUHG WR SURS\OHQH JO\FRO 7KH\ VXJJHVWHG WKDW WKH
K\GURSKRELFFRPSRXQGVZHUHSUHVHQWDVXQGLVVROYHGGURSOHWVWKURXJKRXWWKHJHO
DQG WKDW WKHVH ZRXOG EH UHOHDVHG XSRQ IUDFWXUH OHDGLQJ WR D EXUVW RIGLVVROYHG
DURPD
7KLV PD\ H[SODLQ WKHEHKDYLRXURIOLPRQHQH /LPRQHQHKDV D KLJK/RJ3 YDOXH
DQG LV VSDULQJO\VROXEOHLQ ZDWHU 7KXVZKHQDGGHGWR WKHDTXHRXVJHO V\VWHP LW
ZDV OLNHO\ WR DJJUHJDWH DQG IRUP DUHDV RI KLJK FRQFHQWUDWLRQ ZKLFK ZHUH
UHOHDVHG DV WKH JHO ZDV PDVWLFDWHG 7KHUH ZRXOG EH OHVV LPSRUWDQFH RQ JHO
174 
&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
GLVVROXWLRQ DQG PHOWLQJ DQG VXEVHTXHQWO\ WKH 7PD[ RFFXUUHG HDUOLHU IRU WKHVH
VDPSOHV+RZHYHUWKHXVHRIHWKDQRODV DVROYHQWVLJQLILFDQWO\LQFUHDVHGWKH7PD[
3 DQGWKLV ZDV SUREDEO\GXH WR LW LQFUHDVLQJWKH VROXELOLW\RIOLPRQHQH LQ
WKH JHO VDPSOH DQG WKXV SURGXFWLRQ RID VLWXDWLRQ VLPLODU WR WKDW IRU WKH PRUH
VROXEOH KH[DQRO $ VLPLODU ILQGLQJ ZDV GHVFULEHG IRU GHFDQH DQG HWK\O EXW\UDWH
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)LJXUH  7LPH LQWHQVLW\ UHOHDVH SURILOH IRU OLPRQHQH UHOHDVH IURP D JHODWLQH
VXFURVHJHO0HDQVRIUHSOLFDWHV
/LPRQHQH LV RIWHQ SUHVHQW LQ ODUJH TXDQWLWLHV P OHPRQ DQG RUDQJH RLO
SUHSDUDWLRQVDQGWKHFRQVHTXHQFHVRIWKHVHWHUSHQRLGVRQRWKHUDURPDFRPSRXQG
UHOHDVH FDQQRW WKHUHIRUH EH LJQRUHG $OWHUDWLRQ RIWHUSHQH FRQWHQWFRXOGEH XVHG
DV D PHFKDQLVP WR LQIOXHQFH DURPD UHOHDVH )DWDV D VROYHQWKDV EHHQ VKRZQ WR
GHOD\ SHUFHSWLRQ RIK\GURSKRELF DURPD FRPSRXQGV 7XRULOD et al.  ZKLFK
PD\ EH MXVW DQ H[WHQVLRQ RIWKLV EHKDYLRXU ,Q FRQWUDVW WKH XVH RISURS\OHQH
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Figure 5.15 Time intensity release profile for hexanol from a gelatine-sucrose gel. 
Means of 9 replicates. 
,Q FRQWUDVW WKH VROYHQWV VKRZQR VLJQLILFDQW GLIIHUHQFHV LQ ,PD[YDOXHV IRU HLWKHU
WKH KH[DQRO RU WKH OLPRQHQH 3! )LJXUH  7KLV ZDV QRW H[SHFWHG DV LW
ZDV SUHGLFWHGWKDWE\FUHDWLQJDEHWWHUGLVSHUVLRQWKURXJKWKHXVHRIVROYHQWVWKDW
WKH ,PD[YDOXH ZRXOG EH UHGXFHG /LPRQHQH LQ HWKDQRO VKRZV D ORZHU OHYHO RI
UHOHDVH ZKLFK PD\ EH GXH WR WKH LQFUHDVHG VROXELOLW\ DQG UHGXFWLRQ LQ UDWH RI
SDUWLWLRQLQWRWKHJDVSKDVHLQPRXWK
2QFH WKH YRODWLOH LV UHOHDVHG LW PXVW SDUWLWLRQ LQWR WKH VDOLYD SKDVH DQG
VXEVHTXHQWO\ LQWR WKH JDV SKDVH +DUULVRQ DQG+LOOV  ,IWKH FDUULHU LV VWLOO
SUHVHQW LW ZLOO LQFUHDVH WKH OHYHOV RIYRODWLOH WKDWDUH UHWDLQHG LQ WKH VDOLYDSKDVH
DQG ZLOO WKXV UHGXFH WKH DPRXQW DQG UDWH DW ZKLFK WKH YRODWLOH FRPSRXQG FDQ
UHDFKWKHUHFHSWRUVLQWKHROIDFWRU\HSLWKHOLXP
It KDV EHHQ VXJJHVWHG WKDW D GHFUHDVH LQ VROXELOLW\ LQFUHDVHG WKH WHQGHQF\ WR
SDUWLWLRQ LQWR WKH JDV SKDVHEXWDQ DVVRFLDWHG UHGXFWLRQ LQ YRODWLOLW\ UHGXFHG WKH
DPRXQWRIFRPSRXQGDEOH WR SDUWLWLRQ WKHUHE\JLYLQJVLPLODU,PD[ FRQFHQWUDWLRQV

&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
/LQIRUWK et al. F )URP RXU UHVXOWV ZH VXJJHVW WKDW D VLPLODU PHWKRG RI
UHOHDVH LV RFFXUULQJ DV PRUH K\GURSKRELF FRPSRXQGV WHQG WR KDYH ORZHU
YRODWLOLWLHV WKDQ WKHLU K\GURSKLOLF FRXQWHUSDUWV ZKLFK ZLOO UHGXFH WKH OHYHOV
UHOHDVHG FRUUHVSRQGLQJ WR WKHLU ORZHU VROXELOLWLHV ZKLFK ZLOO SURPRWH SDUWLWLRQ
LQWR WKHJDVSKDVH
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)LJXUH  0D[LPXP LQWHQVLW\ RI UHOHDVH UHODWLYH WR ZDWHU VDPSOHV 'DWD
QRUPDOLVHG WR UHPRYH SDQHOOLVW YDULDELOLW\ 0HDQV RI SDQHOOLVWV ZLWK DW OHDVW 
UHSOLFDWHVRIHDFKWRWDOUHSOLFDWHV
7KHDGGLWLRQRIVROYHQWVVXFKDV HWKDQRODQGSURS\OHQHJO\FROKDVEHHQVKRZQWR
SURGXFHPLFURHPXOVLRQVZLWK OLPRQHQH <DJKPXUet al. E DQGWKLV PD\EH
WKH UHDVRQ IRU WKH DOWHUDWLRQ LQ WKH UHOHDVH SDWWHUQ VKRZQ 7KHVH PD\ DIIHFW WKH
UHOHDVH SDWWHUQ DQG LQWHQVLW\ 'H %UXLMQ  KDV VXJJHVWHG WKDW YLJRURXV
PL[LQJ RI RUJDQLF FRPSRXQGV P DQ DTXHRXV V\VWHP PD\ SURGXFH D
PLFURHPXOVLRQUDWKHUWKDQDKRPRJHQRXVVROXWLRQ7KLVVXJJHVWVWKDWVRPHRIWKH




5.4.2 Effects of Compound Properties on Aroma Release from Gels 
During Delivery by Different Co-solvents 
6HFWLRQ  GHPRQVWUDWHG WKDW WKH FRVROYHQWV QRW RQO\ LQIOXHQFH WKH
HTXLOLEULXPFRQFHQWUDWLRQV RIWKH DURPDFRPSRXQGV EXW FDQ DOVR LQIOXHQFH WKH
FRQFHQWUDWLRQDQGPRUHLPSRUWDQWO\WKHWLPLQJUDWHRIUHOHDVH7KLVDSSHDUHGWR
EH UHODWHGWR WKHSURSHUWLHVRIWKH DURPDFRPSRXQGVZLWK WKHPRUHK\GURSKRELF
FRPSRXQGOLPRQHQHVKRZLQJWKHJUHDWHVWHIIHFWVRIWKHSUHVHQFHRIWKHVROYHQWV
$ ZLGHU UDQJH RIDURPD FRPSRXQGV ZDV DVVHVVHG WR LQYHVWLJDWH WKH HIIHFWV RI
VRPH WKH FRPSRXQGSURSHUWLHVRQWKHSDWWHUQVRIDURPDUHOHDVH WR WU\WR H[SODLQ
WKH GLIIHUHQFHV REVHUYHG (LJKW DURPD FRPSRXQGV ZHUH LQYHVWLJDWHG EXWDQRQH
HWK\O DFHWDWH HWK\O EXW\UDWH HWK\O RFWDQRDWH KH[DQDO OLPRQHQH OLQDORRO DQG
PHWK\O DFHWDWH DQG WKUHH FRVROYHQWV WULDFHWLQ DJDLQ QRW XVHG $URPD
FRPSRXQGVZHUHQRWDGGHGDOO WRJHWKHUWRDYRLGYRODWLOHYRODWLOHLQWHUDFWLRQVDQG
FRPSHWLWLRQ HIIHFWV 6DPSOHV ZHUH SUHSDUHG DV SHU 6HFWLRQ  DQG ZHUH
FRQVXPHG DV SHU 6HFWLRQ  E\  SDQHOOLVWV ZLWK D PLQLPXP RI WKUHH
UHSOLFDWHVRIHDFKVDPSOH
7DEOHV  DQG  VKRZ WKH ,PD[ DQG 7PD[ GDWD IRU WKH DURPD FRPSRXQGV DV
QRUPDOLVHG IRU HDFK SDQHOOLVW DJDLQVW WKH JHO FRQWDLQLQJ RQO\ ZDWHU DQG WKHQ
DYHUDJHG ,PD[ UHVXOWVVKRZWKDWHWKDQROJHQHUDOO\UHGXFHGWKHPD[LPXPLQWHQVLW\
RIUHOHDVH IRU PRUH K\GURSKRELF FRPSRXQGV ZKLFK LV LQ DFFRUGDQFH ZLWK WKH
LQFUHDVHG VROXELOLW\ GHVFULEHG HDUOLHU $OWKRXJK WKLV LV JHQHUDOO\ WKH FDVH DQ
H[FHSWLRQLV REVHUYHGIRUHWK\ORFWDQRDWH7KLV LV GLIILFXOWWR H[SODLQEXWPD\EH
GXH WR RWKHU SURSHUWLHV RI WKH FRPSRXQG VXFK DV LQWHUDFWLRQV ZLWK WKH JHO
VWUXFWXUH RID ERRVW LQ GHWHFWLRQ FDXVHGEX\ WKH SUHVHQFH RIHWKDQRO 7KH PRUH
K\GURSKLOLFFRPSRXQGVGHPRQVWUDWHGVOLJKWLQFUHDVHV LQ LQWHQVLW\EXWWKHVHZHUH
JHQHUDOO\QRWVLJQLILFDQW7KH7PD[ GDWDIRUVDPSOHVGLVVROYHGLQHWKDQROLQGLFDWH
DQ LQFUHDVH VXJJHVWLQJ LQFUHDVHG VROXELOLW\ WKURXJKRXW WKH JHO DQG D GHOD\HG
UHOHDVH 7KHRWKHUVROYHQWV DUH OHVV FRQFOXVLYH DQG VKRZYDULDWLRQV LQERWK7PD[









&RPSRXQG (WKDQRO *O\FHURO 3URS\OHQH :DWHU
JO\FRO
%XWDQRQH    
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  
/LQDORRO    
(WK\ORFWDQRDWH     
/LPRQHQH     
7DEOH  (IIHFW RIFDUULHUVROYHQWV RQ WKH WLPH WR PD[LPXP LQWHQVLWLHV RIDURPD
UHOHDVH IURP JHOV 'DWD DUH H[SUHVVHG UHODWLYH WR WKH JHO ZLWK ZDWHU DV WKH VROH
VROYHQW'DWDQRUPDOLVHGIRUHDFKSDQHOOLVWSDQHOOLVWV0HDQVRIWKUHHUHSOLFDWHV
&RPSRXQG (WKDQRO *O\FHURO 3URS\OHQH :DWHU
JO\FRO
%XWDQRQH    
0HWK\ODFHWDWH    
(WK\ODFHWDWH    
+H[DQDO    
(WK\OEXW\UDWH    
/LQDORRO    
(WK\ORFWDQRDWH    
/LPRQHQH      
+DUULVRQDQG+LOOVSUHGLFWHGWKDWDURPDUHOHDVHIURPJHODWLQHVXFURVHJHOV
RFFXUV E\ WKH SHQHWUDWLRQ WKHRU\ RIPDVV WUDQVIHU 7KLV LQYROYHV WKH FRQFXUUHQW
GLIIXVLRQ RIKHDW LQWR WKH VDPSOH ZLWK GLIIXVLRQ RIVXFURVH RXW RILW 7KHUHE\
DURPDFRPSRXQGVZLOOEHUHOHDVHGLQWRWKHVDOLYDDVWKHVXFURVHGLVVROYHVDQGWKH
JHO PHOWV ,Q UHJLRQV RILQVROXELOLW\PRUH FRQFHQWUDWHGUHJLRQV PD\EH SURGXFHG

&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
WKDW JLYH ULVH WR KLJKHU OHYHOV RIUHOHDVH WKDW RFFXU HDUOLHU LQ WKH FRQVXPSWLRQ
SHULRG 7KH VROYHQWV HVSHFLDOO\ HWKDQRO UHGXFH WKHVH HIIHFWV E\ LQFUHDVLQJ WKH
VROXELOLW\LQWKHJHOPDWUL[
5.4.3 Confirmation Experiments 
It KDV EHHQVXJJHVWHGWKDWVROYHQWVPD\DIIHFWWKHSK\VLFDOSURSHUWLHVRIWKHJHOV
(O\VHH&ROOHQDQG /HQFNL  DQGWKHUHIRUH WKH GLVVROXWLRQDQGUDWHRIDURPD
UHOHDVH2WKHUDXWKRUVKDYHUHFHQWO\VXJJHVWHGWKDWDURPDFRPSRXQGVWKHPVHOYHV
FDQ LQIOXHQFH WKH SK\VLFDO SURSHUWLHV RIJHOV /XEEHUV DQG 'HFRXUFHOOH 
VXJJHVWHG WKDW K\GURSKRELF LQWHUDFWLRQV DUH WKH PDLQ LQWHUDFWLRQV OHDGLQJ WR
SHFWLQJHODWLRQ DQGLQFUHDVLQJWKHQXPEHURIK\GURSKRELF LQWHUDFWLRQVWKHUHDUH
LQFUHDVHG WKH IUDFWXUH VWUHQJWK RI WKH JHOV 7KH\ DVVXPHG WKDW HVWHUV PLJKW
LQFUHDVH WKH JHO KDUGQHVV WKURXJK WKH LQFUHDVH RIK\GURSKRELF LQWHUDFWLRQV LQ
SHFWLQ JHO QHWZRUN 7KH\ DOVR VKRZHG D VLPLODU HIIHFW IRU VROYHQWV HWKDQRO
SURS\OHQH JO\FRO DQG VXJJHVWHG WKDW D FRVROXWH HIIHFW FRXOG H[SODLQ WKH
LQFUHDVH LQ ILUPQHVV IRU SHFWLQEDVHGJHOV 7KLV VWXG\ ZDV FDUULHG RXW LQ SHFWLQ
JHOV DQG PD\ QRW KDYH WKH VDPH HIIHFWV LQ JHODWLQHVXFURVH JHOV KRZHYHU WKH
SRWHQWLDO WKDW DURPD FRPSRXQGV PD\ DOVR LQIOXHQFH JHO KDUGQHVV VKRXOGQRWEH
LJQRUHG
,QLWLDO VWXGLHV ZLWK 'LIIHUHQWLDO 6FDQQLQJ &DORULPHWU\ '6& DQG 7$;7
7H[WXUH$QDO\VLV LQGLFDWHGWKDWWKHVROYHQWVGLGQRWDIIHFWWKHWH[WXUDORUPHOWLQJ
FKDUDFWHULVWLFV RIWKH JHOV DW WKH FRQFHQWUDWLRQVXVHG LQ WKHVH H[SHULPHQWV '6&
GDWDVKRZHGWKDWWKHPHOWLQJSRLQWIRU WKHJHOVZDVEHWZHHQ&ZKLFKZDV
KLJKHUWKDQWKH LQPRXWKWHPSHUDWXUH 7KLVVXJJHVWHGWKDWWKH VXFURVHFRQWHQWRI
WKH JHO ZDV LQFUHDVLQJ WKH PHOWLQJ WHPSHUDWXUH WR DERYH WKDW RIWKH PRXWK
7H[WXUHDQDO\VLV VKRZHGQR GLIIHUHQFH LQWKH FRPSUHVVLRQPHDVXUHPHQWV IRU WKH
JHO VDPSOHV ,Q FRQVHTXHQFH WKH JHOV ZLOO UHO\ SULPDULO\ RQ GLVVROXWLRQ RIWKH
VXFURVH LQWR WKH VDOLYD ZKLFK ZLOO WKHQ OHDG WR D UHGXFWLRQ RIWKH JHO PHOWLQJ
WHPSHUDWXUH DQGKHQFH PHOWLQJZLOO EH DEOH WR RFFXU +DUULVRQDQG +LOOV 

&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
5DWHV RIDURPD UHOHDVH ZLOO WKHUHIRUH EH GHSHQGHQW RQ WKH UDWH DW ZKLFK WKH
VXFURVHLVGLVVROYHGDQGKHDWFDQWUDQVIHUWR WKHJHODWLQHWRFDXVHPHOWLQJ
5.4.4 Conclusion 
7KH HIIHFW RIDURPD UHOHDVH IURP JHOV IURP in vivo H[SHULPHQWV LV QRW DV ZHOO
GHILQHGDV IRUWKRVHVWXGLHGE\G\QDPLFUHOHDVHVWXGLHV([SODQDWLRQVLQFOXGHWKH
LQWURGXFWLRQ RI PDVWLFDWRU\ HYHQWV WKDW ZLOO IUDJPHQW WKH JHO PRUH UDSLGO\
WKHUHE\ PL[LQJ WKH IUDJPHQWV DQG FDXVLQJ D PRUH UDSLG EUHDNGRZQ RI WKH
VDPSOHV $Q\ HIIHFWV RIVROYHQWV PD\ EH UHGXFHG E\ WKH HIIHFWV RIVDOLYD DV
PL[LQJRIWKHVXJDUVOXUU\LQPRXWKZLOO DOVRLQIOXHQFHWKHSDUWLWLRQRIWKHDURPD
FRPSRXQGV )ULHO et a!.  VKRZHG LQIOXHQFHV RIVDOLYDU\ FRPSRQHQWV RQ
SDUWLWLRQLQJRIDURPDFRPSRXQGV 7KHRYHUDOO FRQFOXVLRQWR WKHVH UHVXOWV LV WKDW
WKH PRVW VLJQLILFDQWHIIHFWV RQDURPD UHOHDVHZHUH LQ WKH WLPLQJRIUHOHDVH ZLWK
HWKDQROEHLQJWKHPRVWLQIOXHQWLDO
5.5 Boiled Sweet System 
$ KDUG FDQG\ RU ERLOHG VZHHW PDWUL[ ZDV LQYHVWLJDWHG WR VWXG\ WKH HIIHFWV RI
GLVVROXWLRQ RQ WKH UHOHDVH RIDURPD FRPSRXQGV 6FKREHU DQG 3HWHUVRQ D
VXJJHVWHG WKDW WKH DURPD FRPSRXQGV IURP KDUG FDQG\ H[LVW LQ SRFNHWOLNH
FDYLWLHV ZKLFK DUH H[WUHPHO\ OLPLWHG LQ PRELOLW\ GXH WR WKH VXJDU JODVV PDWUL[
+LOOV DQG +DUULVRQ  XWLOLVHG WKH VLPSOLFLW\ RIWKH ERLOHG VZHHW V\VWHP WR
PRGHO IODYRXU UHOHDVHEDVHGRQPHDVXUHPHQWVRIG\H UHOHDVHGXULQJGLVVROXWLRQ








7KHUHIRUH DERLOHGVZHHWPDWUL[ZDV FKRVHQ WR VHUYHDV DPRGHO WR FKDUDFWHULVH
WKH IODYRXUFDUULHUVROYHQWLQWHUDFWLRQVRYHUDSURORQJHGSHULRGZKHUHQRIUDFWXUH
RIWKHVDPSOHLV LQYROYHG
%RLOHGVZHHWV ZHUH SURGXFHGDV SHU6HFWLRQ  DQG VDPSOHV ZHUH FRQVXPHG
RQWKH$3FL06E\DVLQJOHSDQHOOLVWWRUHGXFHYDULDWLRQ7ZRDURPDFRPSRXQGV
ZHUH WHVWHG OLPRQHQHDQGHWK\OEXW\UDWHIRU HDFKRIWKH VROYHQWVXVHGDQG WKHVH
ZHUHDGGHGDW PJ/ 
)LJXUH  VKRZV WKDW WKH ,PD[ RIUHOHDVH ZDV VLJQLILFDQWO\KLJKHU 3 IRU




DTXHRXV VROXWLRQ HTXLOLEUDWLQJ DW & IRU  KRXUV DQG WKHQ PHDVXULQJ WKH
KHDGVSDFH FRQFHQWUDWLRQV )LJXUH  7KH GDWD IRU UHWHQWLRQ PDWFK WKRVH IRU
UHOHDVH ZLWK SURS\OHQH JO\FRO KDYLQJ D VLJQLILFDQWO\ KLJKHU OHYHO  IROG RI















~ ~ I I EXW\UDWH
RQHQH - ~ ~
~ ~
:DWHU
)LJXUH  0D[LPXP ,QWHQVLW\ RI DURPD UHOHDVH IURP ERLOHG VZHHW VDPSOHV
FRQWDLQLQJ GLIIHUHQW FRVROYHQWV 0HDQV RI WKUHH UHSOLFDWHV (UURU EDUV UHSUHVHQW
VWDQGDUGGHYLDWLRQ
)ODYRXULQJV IRU ERLOHG VZHHWV DUH XVXDOO\ GLVVROYHG LQ YHJHWDEOH RLO EHFDXVH WKH
VROXELOLW\RIPRVWDURPDFRPSRXQGV LV KLJKHUDQG VXEVHTXHQWO\WKH YRODWLOLW\RI
WKHVH FRPSRXQGV LV PXFK ORZHULQRLO WKDQ LQ RWKHUVROYHQWV+RZHYHUGH 5RRV
~ 2 0 0 3 ) ) VKRZHG WKDW DGGLWLRQ RIDURPD FRPSRXQGV LQ YHJHWDEOH RLO KDG D ORZHU
UHWHQWLRQ LQ WKH ILQDO SURGXFWFRPSDUHGWR SURS\OHQHJO\FRO 7KH\VXJJHVWHGWKDW
DGGLWLRQ RI RLO WR WKH KRW VXJDU SKDVH SURGXFHV D WZR SKDVH V\VWHP ZKHUH
YRODWLOLVDWLRQ LV IURP WKH RLO SKDVH DORQH &RQYHUVHO\ SURS\OHQH JO\FRO UHVXOWHG
LQ UDSLGPL[LQJZLWKWKHVXJDUSKDVHZKLFKVXEVHTXHQWO\UHGXFHGWKHFRPSRXQG
YRODWLOLVDWLRQE\ LQFUHDVLQJ WKH UHVLVWDQFH WR PDVV WUDQVIHUUDWKHU WKDQ E\ HIIHFWV
RQWKHYRODWLOLW\LWVHOI)RUWKHVROYHQWVXVHGLQRXUH[SHULPHQWDOORIWKHVROYHQWV
VKRXOG UDSLGO\ PL[ ZLWK WKH VXJDUVOXUU\ GXH WR VLPLODU VROXELOLWLHV XQOLNH WKH
-LO  KRZHYHU DQ\ LQFRPSDWLELOLWLHV LQ PL[LQJ FRXOG H[SODLQ WKH GLIIHUHQFHV
EVHUYHGIRU HWKDQRORUZDWHUZKHQXVHGDV VROYHQWVWKXV ORZHULQJWKHUHWHQWLRQ
OHYHO It LV WKHUHIRUH XQOLNHO\ WKDW WKH VROYHQWV XVHG IRU H[SHULPHQWV ZLOO SKDVH
VHSDUDWH LQ WKH ZD\ WKDW RLO KDV EHHQ VKRZQ WR GR ZKLFK PD\ OHDG WR D KLJKHU

&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV














T  I I 
:DWHU
)LJXUH  +HDGVSDFH FRQFHQWUDWLRQ DERYH UHGLVVROYHG VDPSOHV FRQWDLQLQJ
GLIIHUHQWFRVROYHQWV0HDQVRIWKUHHUHSOLFDWHVUHODWLYHWR WKHYDOXHVIRUZDWHU
$ VLPLODU ILQGLQJ ZDV VKRZQ E\ 6FKREHU DQG 3HWHUVRQ E IRU /PHQWKRO
UHOHDVH 7KH\UHSRUWHGWKDWWKHUHOHDVHUDWHIURPSURS\OHQHJO\FROZDVPRUHUDSLG
DQG D KLJKHU KHDGVSDFH FRQFHQWUDWLRQ  IROG ZDV REVHUYHG IURP SURS\OHQH
JO\FRO WKDQ FLQHROH 7KLV ZDV QRW GXH WR K\GURSKRELFLW\ RI WKH VROYHQW
KRZHYHUDV DQRWKHUK\GURSKRELF VROYHQWPLJO\RO VKRZHGWKHVDPHEHKDYLRXUDV
SURS\OHQH JO\FRO DQG KHQFH D FROORLGDO LQIOXHQFH ZDV VXJJHVWHG 5HVXOWV IURP
6HFWLRQ  VXJJHVW WKDW WKH SRODULW\ RI WKH VROYHQW ZDV DQ LPSRUWDQW
FRQVLGHUDWLRQZKHQDURPDFRPSRXQGVDUHUHOHDVHGIURPIRRGPDWULFHV
5HWHQWLRQPD\QRWEHWKHRQO\LPSRUWDQWIDFWRUZKHQFRQVLGHULQJDURPDGHOLYHU\
~ - c y c l o d e x t r i n n ZDV VKRZHG WR KDYH DQ IROG KLJKHU UHWHQWLRQ RI DURPD
FRPSDUHG WR SURS\OHQH JO\FRO KRZHYHU WKH ORZ OHYHOV RIPRLVWXUH PHDQW WKDW
SURS\OHQH JO\FRO KDG D EHWWHU UHOHDVH DQG VXEVHTXHQWO\ WKH ILQDO VDPSOHV ZHUH
SHUFHLYHGWR EHPLQWLHU5HLQHFFLXVet al.  7KLV VXJJHVWV WKDW DOWKRXJK WKH

&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
DURPDFRPSRXQGVFRXOGEHUHWDLQHGDWDKLJKHUOHYHOLW LV VWLOO LPSRUWDQWWR DOORZ
WKHVH FRPSRXQGV WR EH UHOHDVHG ~ - c y c l o d e x t r i n n DOORZHGKLJKHU OHYHOV RIDURPD
FRPSRXQGV WR EH GHOLYHUHG LQWR WKH ERLOHGVZHHW DQG UHGXFHG WKH ORVVHV GXULQJ
SURGXFWLRQ FRPSDUHGWR SURS\OHQHJO\FROEXWWKLV DURPDEHFDPHWUDSSHGZLWKLQ
WKHPDWUL[DQGZDVQRWDYDLODEOHIRUUHOHDVHGXULQJFRQVXPSWLRQ7KLVVKRZVWKH
LPSRUWDQFH RIQRW RQO\ GHOLYHULQJ WKH KLJKHVW DPRXQW IODYRXU SRVVLEOH EXW DOVR
HQVXULQJ WKDW WKLV DURPD FDQ EH UHOHDVHG in vivo GXULQJ FRQVXPSWLRQ ,Q RXU
H[SHULPHQWV LW ZDV FOHDU WKDW SURS\OHQH JO\FRO QRW RQO\ GHOLYHUHG D KLJKHU
FRQFHQWUDWLRQRIDURPDWR WKH VZHHWWKDQWKHRWKHUVROYHQWVEXWLWDOVRDOORZHGD
KLJKHULQWHQVLW\RUDURPDWREHUHOHDVHGGXULQJFRQVXPSWLRQ
)LJXUHV  DQG  VKRZ WKH SURILOHV IRU YRODWLOH UHOHDVH IURP WKH WKUHH
GLIIHUHQW FDUULHUVROYHQWV 7KHVH GDWDVKRZWKDWWKH UHOHDVH UDWHZDVKLJKHUIURP
SURS\OHQHJO\FROWKDQIRU WKHRWKHUWZR VROYHQWV7KLVGDWDFRUUHVSRQGWR WKDWRI
6FKREHUDQG3HWHUVRQ E ZKR UHSRUWHG WKDWK\GURSKRELFLW\RIWKH VROYHQW
DIIHFWHGWKHUHOHDVHUDWH 7KH\VKRZHGWKDWSURS\OHQHJO\FROUHOHDVHG/PHQWKRO
DW D IDVWHU UDWH LQ DQ DTXHRXV V\VWHP WKDQ WKH K\GURSKRELF VROYHQWV +RZHYHU
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
)LJXUH  /LPRQHQH UHOHDVH IURP ERLOHG VZHHWV RYHU WLPH ZKHQ FRQVXPHG E\ D




7KHVH SUHYLRXV VWXGLHV PD\ H[SODLQ WKH LQFUHDVHG UHWHQWLRQ DQG VXEVHTXHQW
UHOHDVH REVHUYHG IURP SURS\OHQH JO\FRO KRZHYHU WKH VROYHQWV XVHG LQ RXU
H[SHULPHQWV DOO KDYH KLJKHU SRODULWLHV WKDQ YHJHWDEOH RLO PLJO\RO DQG 
FLQHROH ,ILW LV QRW WKH SRODULW\ RIWKH VROYHQW RU WKH YRODWLOLW\ RIWKH DURPD
FRPSRXQG WKDW LV LPSRUWDQW RWKHU IDFWRUV PXVW EH FRQVLGHUHG 7KH VROXELOLW\ RI
WKH WZRDURPDFRPSRXQGVVKRXOGEHKLJKHULQHWKDQROWKDQSURS\OHQHJO\FRO\HW
WKH\ ZLOO EH HTXDOO\ OHVV VROXEOH LQ ZDWHU WKXV GLVFRXQWLQJ VROXELOLW\ RIWKH
DURPDFRPSRXQGVDVDQLPSRUWDQWIDFWRUIRUUHOHDVHLQWKLVFDVH
$QRWKHU SRWHQWLDO H[SODQDWLRQ LV UHODWHG WR WKH ERLOLQJ SRLQWV RIWKH VROYHQWV
WKHPVHOYHV 7DEOH  $GGLWLRQ WR WKH KRWVOXUU\ KDG WR RFFXU DW KLJK
WHPSHUDWXUHV WR SUHYHQW WKH VOXUU\ IURP VHWWLQJ & EHIRUH DURPD
FRPSRXQGV FRXOG EH GLVSHUVHG $OWKRXJK WKH DURPD FRPSRXQGV KDYH ERLOLQJ
SRLQWV LQ H[FHVV RIWKH WHPSHUDWXUH DW ZKLFK WKH IODYRXUVROYHQW PL[WXUH ZDV
DGGHG WKHVROYHQWVGRQRW 3URS\OHQHJO\FROZKLFKVKRZHGWKHKLJKHVWUHWHQWLRQ
DQG UHOHDVH KDV D ERLOLQJSRLQW RI~ ~& ZKLFK LV IDU LQ H[FHVV RIWKH VXJDU
VOXUU\ DQG ZLOO WKHUHIRUH EH XQDIIHFWHG DW WKHVH WHPSHUDWXUHV (WKDQRO DQG WR
VRPH H[WHQW ZDWHUKRZHYHU KDYH ERLOLQJ SRLQWV EHORZ LQ WKH FDVH RIHWKDQRO
&RUVLPLODUZDWHU &WR WKDWRIWKHVXJDUVOXUU\7KHVHVROYHQWVZLOOEH
VXEMHFWHG WR GHJUHHV RIERLOLQJZKHQ DGGHGWR WKH PROWHQ VXJDUSKDVH DQG WKXV
JUHDWHU ORVVHV RIDURPD FRPSRXQGV ZRXOG UHVXOW It LV ZHOO GRFXPHQWHG WKDW
DGGLWLRQV RI VROXWHV WR D VROXWLRQ FDQ DIIHFW LWV ERLOLQJ SRLQW 7KLV LV EHVW
HYLGHQFHGE\ WKH UHGXFWLRQ LQ DTXHRXV VROXWLRQERLOLQJSRLQW LQ WKH SUHVHQFH RI
HWKDQRO RUWKH LQFUHDVH LQ ERLOLQJSRLQW LQWKHSUHVHQFHRIVRGLXPFKORULGH It LV
WKHUHIRUH OLNHO\ WKDW WKH KLJKHU GHOLYHUHG DURPD ZDV D FRQVHTXHQFH RIKLJKHU
ERLOLQJSRLQWHQVXULQJDKLJKHUOHYHORIDURPDFRPSRXQGVLQHDFKRIWKHVDPSOHV













WKURXJKRXW WKH FRQVXPSWLRQ SURFHVV DV DURPD LV UHOHDVHG 7KLV VXJJHVWV WKDW
IODYRXU FRPSRXQGVDUHQRWWUXO\GLVSHUVHGWKURXJKRXW WKH PDWUL[RIDORZZDWHU
V\VWHP EXW DUH SUHVHQW DV FRQFHQWUDWHG UHJLRQV ZLWKLQ FDYLWLHV LQ WKH PDWUL[ DV
GHVFULEHG E\ 6FKREHU DQG 3HWHUVRQ D 7KLV KDV LPSOLFDWLRQV IRU WKH
GLVSHUVLRQ WHFKQLTXHV DQG WKH UHOHDVH RIDURPD FRPSRXQGV IURP WKHVH W\SHV RI
V\VWHP 5HOHDVH IURP WKHVH FRQFHQWUDWHG UHJLRQV PD\ FKDQJH YRODWLOH UHOHDVH
UDWHV DQG VXEVHTXHQWO\ FKDQJH SHUFHSWLRQ ZKHQ WKHVH UHJLRQV DUH SUHVHQW
FRPSDUHG WR V\VWHPV ZKHUH WKH\ DUH QRW )XUWKHU GLVFXVVLRQ RIV\VWHPV ZLWK
FRQFHQWUDWHGDURPDLVGLVFXVVHGLQ&KDSWHU
 &RQFOXVLRQ
,QFUHDVHG DURPD GLVSHUVLRQ KDV EHHQ VKRZQ WR EH DQ LPSRUWDQW SUDFWLVH ZKHQ
GHOLYHULQJ IODYRXUV WR IRRGV KRZHYHUWKH LPSOLFDWLRQV IRU WKH HIIHFWV RQUHOHDVH
QHHGWR EHUHFRJQLVHG &DUULHUVROYHQWVSRVVHVVGLIIHUHQWSURSHUWLHVDQGWKLV ZLOO
DIIHFW WKHLU HIILFLHQF\ LQ GLVVROXWLRQ GLVSHUVLRQ SDUWLWLRQ DQG UHOHDVH RIDURPD
FRPSRXQGV 3URS\OHQHJO\FRO LV WKHPRVWFRPPRQO\XVHGFDUULHUVROYHQWGXH WR
LWV DEVHQFHRIDQ\ WDVWHIODYRXUDV ZHOO DV DUHDVRQDEOH VROXELOLW\ IRU DUDQJH RI
DURPD FRPSRXQGV (WKDQRO DORQJ ZLWK LWV DVVRFLDWHG DFFHSWDQFH SUREOHPV
VKRZV D KLJKHU VROXELOLW\ IRU PDQ\ K\GURSKRELF FRPSRXQGV EXW VXEVHTXHQWO\
VKRZV UHGXFWLRQV LQ SDUWLWLRQ DQG UHOHDVH RI VRPH DURPD FRPSRXQGV It LV
LPSRUWDQW WR QRWH DW WKLV VWDJH WKH FDYHDWV ZKHQ XVLQJ $3FL06 IRU VDPSOHV

&KDSWHU (IIHFWVRI&DUULHU6ROYHQWV
FRQWDLQLQJ HWKDQRO 7KH LQIOXHQFH RI HWKDQRO RQ WKH LRQLVDWLRQ RI DURPD
FRPSRXQGV PXVW EH FRQVLGHUHG ZKHQ WKLV WHFKQLTXH LV XVHG *O\FHURO DQG
WULDFHWLQ GR QRW VKRZ VXLWDEOH FKDUDFWHULVWLFV WR EH XVHG LQ WKH VXJDU V\VWHPV
VWXGLHG GXH WR LQFRPSDWLELOLW\DQGLQVROXELOLW\ LQ WKH FDVHRIWULDFHWLQ DQGSRRU
VROXELOLW\DQGKLJKYLVFRVLW\RIJO\FHURO
,QFUHDVLQJVROYHQWFRQFHQWUDWLRQLQFUHDVHVWKH VROXELOLW\RIDURPDFRPSRXQGVLQ
WKH DTXHRXV SKDVH E\ D FRUUHVSRQGLQJ LQFUHDVH LQ WKH K\GURSKRELFLW\ RIWKH
V\VWHP KRZHYHU WKLV OHDGV WR KLJKHU UHWHQWLRQ DQG D UHGXFWLRQ LQ WKH SDUWLWLRQ
LQWR WKH JDV SKDVH 7KH SUHVHQFH RI VROYHQWV UHGXFHV WKH LPSDFW RI IODYRXU
GHOLYHU\ 5HVXOWV IURP JHOV FRQILUP WKLV EHKDYLRXU DQG WKLV LV SDUWLFXODUO\
HYLGHQFHG E\ WKH H[WHQVLRQ WR WKH 7PD[ YDOXH 7KLV VXJJHVWV WKDW D EHWWHU
GLVSHUVLRQ RI DURPD LV SURGXFHG DV FRQFHQWUDWHG UHJLRQV SURGXFH VSLNHV LQ
GHWHFWLRQ 7KHVH VSLNHV DUH LQGLFDWLYH RID KLJK FRQFHQWUDWLRQ RIDURPD EHLQJ
UDSLGO\ D VWDJHV WKURXJK WKH HDWLQJ SURFHVV 7KHVH FRQWUDVW ZLWK UHVXOWV IURP
GLVSHUVHG DURPDVZKLFK VKRZVWHDG\ OHYHOV RIDURPDEHLQJUHOHDVHGWKURXJKRXW
FRQVXPSWLRQ,PD[ UHVXOWVFRQILUPWKDWUHGXFWLRQVLQUHOHDVHDUHDOVRREVHUYHG
6WXGLHV XVLQJ YHU\ ORZ ZDWHU V\VWHPV VXFK DV ERLOHG VZHHWV KDYH VKRZQ WKDW
DURPD FRPSRXQGVPD\QRW WUXO\ EHGLVSHUVHGDQGWKDW WKH\PD\DJJUHJDWH LQWR
SRFNHWOLNH UHJLRQV ZLWKLQ WKH PDWUL[ 6FKREHU DQG 3HWHUVRQ E 7KHVH




6 POTENTIAL OF AROMA RELEASE FROM 
DROPLETS- A MECHANISM FOR RELEASE 
&KDSWHUVDQGGHPRQVWUDWHGWKHLPSDFWRIWKHGLVSHUVLRQRIYRODWLOHVRQDKLJK
PL[LQJ OHQJWK VFDOH DV ZHOO DV WKH LPSRUWDQFH RI GLVVROXWLRQ RI YRODWLOHV
WKURXJKRXW D IRRG V\VWHP 7KLV &KDSWHU DLPV WR H[SDQG RQ WKHVH ILQGLQJV E\
LQYHVWLJDWLQJWKHHIIHFWVRIGHOLYHULQJWKHVHDURPDVLQDFRQFHQWUDWHGIRUP LH DV
GURSOHWVVXVSHQGHGZLWKLQDIRRG It ZDVVKRZQLQ&KDSWHUWKDWFDUULHUVROYHQWV
LQFUHDVHG DURPD FRPSRXQG VROXELOLW\ KRZHYHU WKLV JHQHUDOO\ GHFUHDVHG WKH
SDUWLWLRQ DQG UHOHDVH RIWKH YRODWLOH FRPSRXQGV ZLWK DQ H[WHQVLRQ LQ WKH WLPH
UHOHDVH SURILOH 7KH FRQYHQWLRQDO PHFKDQLVP IRU DURPD UHOHDVH DVVXPHV WKDW
GXULQJPDVWLFDWLRQRUFRQVXPSWLRQ WKH DURPDFRPSRXQGV DUH VROXELOLVHGLQWKH
OLTXLGSKDVH DQGDUH WUDQVIHUUHGWR WKH JDVSKDVH LQ WKH PRXWKWKURXJKSDUWLWLRQ
7DXFKHUet al. *DVIURPWKHPRXWKLVWKHQWUDQVSRUWHGWRWKHWLGDODLUIORZ
LQ WKH WKURDWGXH WR FKHZLQJRUVZDOORZLQJ+RGJVRQet al. DDQGSXOVHV
RIDURPD ILQG WKHLU ZD\ WR WKH ROIDFWRU\ HSLWKHOLXP ZKHUH WKH VHQVLQJ SURFHVV
VWDUWV
,QWHUHVWLQJO\ZKHQDFRPSRXQGZDVSRRUO\VROXEOH HJ OLQDORRO LQJO\FHURO WKH
UHOHDVHZDVVLJQLILFDQWO\KLJKHUZLWKD VKRUWHU7PD[ YDOXH ,QIRRG V\VWHPVLWKDV
EHHQ JHQHUDOO\ FRQVLGHUHG WKDW DURPD QHHGV WR EH KRPRJHQRXVO\ GLVSHUVHG WR
SURGXFH WKH RSWLPXPUHOHDVH \HW IODYRXU 
EXUVWV
 KDYH RIWHQEHHQGHVFULEHG DV
LPSRUWDQW IRU LPSURYLQJSHUFHSWLRQE\UHGXFLQJWKH HIIHFWVRIDGDSWDWLRQ :KHQ
RWKHU VROXWHV DUH SUHVHQW HJ VXJDUV WKHQ WKH VROXELOLW\ RI PDQ\ DURPD
FRPSRXQGV LV FRPSURPLVHG 7KH VDPH HIIHFW RFFXUV GXULQJ IRRG SURFHVVLQJ
ZKHQ ZDWHU LV UHPRYHG DQG LW LV SHUWLQHQW WR TXHVWLRQ LQ ZKDW IRUP WKH DURPD
FRPSRXQGV H[LVW LQSURGXFWV OLNHKDUGERLOHGFDQGLHV ZDWHUFRQWHQW OHVV WKDQ 
RULQGU\FHUHDOIRRGV ZDWHUFRQWHQWEHORZ)RUIRRGV WKDWFRQWDLQIDW
LW LV OLNHO\ WKDWWKH DURPDFRPSRXQGVDUH ORFDWHG LQ WKH IDW SKDVH +RZHYHU IRU
VRPHIRRGSURGXFWV LW LVSUREDEOHWKDWWKHDURPDFRPSRXQGVDUH QRWLQVROXWLRQ

&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
EXW SKDVH VHSDUDWHG $ QXPEHU RIDXWKRUV KDYH QRWHG WKDW UHGXFWLRQ RIWKH IDW
SKDVH FDQ OHDG WR IODYRXU EXUVWV GXH WR D UHGXFWLRQ LQ DURPD FRPSRXQG
VROXELOLW\0DORQHet al. 
3RWHQWLDO H[DPSOHV RISKDVH VHSDUDWLRQ DUH FRQIHFWLRQHU\ SURGXFWV ZKHUH WKH
LQLWLDO VROXWLRQV RI DURPD FRPSRXQGV PHHW KLJK VXJDU FRQFHQWUDWLRQV DQG
HQFDSVXODWHG IODYRXUV ZKHUH WKH LQLWLDO DURPD VROXWLRQ LV VSUD\ GULHG
(QFDSVXODWHGIODYRXUVDUHFODLPHGWRJLYHDIODYRXUEXUVWDSKHQRPHQRQWKDWLV
YHU\ GLIILFXOW WR GHVFULEH XVLQJ WKH FRQYHQWLRQDO SK\VLFRFKHPLFDO UHOHDVH
PHFKDQLVPV )LUPHQLFKKDYH GHYHORSHGDQXPEHURIHQFDSVXODWHGSURGXFWV RQH
RIZKLFK LV FDOOHG )OH[DURPH  ZKLFK KDV EHHQ UHSRUWHG WR JLYH D IODYRXU
EXUVW LQ WKH LQLWLDO VWDJHV RIFKHZLQJZKHQ LQFRUSRUDWHG LQ FKHZLQJ JXP 7KH
DURPD LQ WKLV FDVH LV SURWHFWHG E\ LWV HQFDSVXODQW DQG LV RQO\ UHOHDVHG ZKHQ
FUXVKHGE\FKHZLQJRUGLVVROYHGE\VDOLYD+DUYH\DQG%DUUD
7KLV VHFWLRQ GHVFULEHV WKH HIIHFWV RILQFRUSRUDWLQJ SKDVH VHSDUDWHG DURPD RQ
UHOHDVH IURP GHILQHGPRGHOV\VWHPV LQFOXGLQJVROXWLRQV WKLFNHQHGVROXWLRQVDQG
WZR PRGHO FRQIHFWLRQHU\ V\VWHPV 6WDWLF HTXLOLEULXP KHDGVSDFH G\QDPLF
KHDGVSDFH DQG EUHDWKE\EUHDWK DQDO\VLV ZHUH FDUULHG RXW WR LQYHVWLJDWH KRZ
DURPD FRPSRXQGV ZHUH UHOHDVHG DQG VRPH RIWKH ILQGLQJV ZHUH HYDOXDWHG E\
VHQVRU\WHVWLQJ $PRGHOZDVSURGXFHGEDVHGRQWKHSK\VLFRFKHPLFDOSURSHUWLHV
RIWKHDURPDFRPSRXQGVWRGHVFULEHWKHFKDQJHVLQREVHUYHGLQWHQVLW\
6.1 Assessment of Droplet Behaviour in Aqueous Systems 
,QLWLDO VWXGLHV LQYHVWLJDWHG WKH PHFKDQLVPV RI DURPD FRPSRXQG UHOHDVH LQ
DTXHRXV VROXWLRQVZKHQDGGHGDV D GURSOHW 6WXGLHV IURPRXUODERUDWRU\VKRZHG
WKDWYRODWLOHFRPSRXQGGURSOHWVRI -OO LQMHFWHGLQWRDTXHRXV VROXWLRQPLJUDWHG
UDSLGO\ WR WKH VXUIDFH $W WKLV SRLQW WKH\ VSUHDG RXW DFURVV WKH VXUIDFH DQG
HYDSRUDWHG /LQIRUWK  2EVHUYDWLRQRIWKH EHKDYLRXURIDUDQJH RIYRODWLOH
191 
&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
FRPSRXQGV VKRZHG WKDW GLIIHUHQW FRPSRXQGV SRVVHVVHG GLIIHUHQW EHKDYLRXUV
EDVHGRQ WKHLUSK\VLFRFKHPLFDOSURSHUWLHV &KDUFRDO ZDV SODFHGRQ WKH VXUIDFH
RIWKH VROXWLRQV WR REVHUYH WKH EHKDYLRXURIWKH GURSOHWV ZKHQ WKH\ UHDFKHGWKH
DLUZDWHU LQWHUIDFH /LQIRUWK  7KH FKDUFRDO ZDV VROHO\ XVHG WR DOORZ D
EHWWHU YLVXDOLVDWLRQ RIWKH EHKDYLRXU RIWKH DURPD FRPSRXQG GURSOHWV DW WKH
VXUIDFH $ V\VWHPZDV GHYHORSHG WR PHDVXUH WKH LQWHQVLW\RIUHOHDVH IURP WKHVH
GURSOHWV ZKHQ LQMHFWHG LQWR DQ DTXHRXV VDPSOH XVLQJ G\QDPLF KHDGVSDFH
PRQLWRULQJ 7KH VDPSOHV ZHUH PRQLWRUHG DV SHU WKH DSSDUDWXV GHVFULEHG LQ
6HFWLRQ  'URSOHWV  -WO ZHUH LQMHFWHG LQWR WKH V\VWHP ZKLOVW WKH
KHDGVSDFH DERYH WKH VROXWLRQ ZDV VDPSOHG LQWR WKH $3FL06 )RU VROXELOLVHG
DURPD  -O ZDV LQMHFWHG LQWR WKH VROXWLRQ DQG DJLWDWHG YLJRURXVO\ IRU 
VHFRQGV WR SURGXFH D VROXWLRQ 7KLV VDPSOH ZDV D XVHG WR FRPSDUH WKH GURSOHW
UHVXOWV WR GDWD IRU VROXWLRQV 7KHKHDGVSDFH DERYH WKHVH VROXWLRQVZDV DVVHVVHG
7KUHH UHSOLFDWHVRIHDFKVDPSOHZHUH WHVWHGDQG WKHPHDQYDOXHV IRU WKHGURSOHW
UHVXOWV GLYLGHG E\ WKH PHDQ YDOXH RI WKH GLVSHUVHG UHVXOWV WR SURGXFH WKH
QRUPDOLVHG GDWD 7KHUHIRUH D YDOXH RI UHSUHVHQWV QR FKDQJH LQ UHOHDVH DQG
SRVLWLYHYDOXHVLQGLFDWHDQLQFUHDVH
)LJXUH VKRZVWKDWKH[DQDOKDGWKHKLJKHVWUHODWLYH LQFUHDVHLQLQWHQVLW\ZKHQ
UHOHDVHG DV D GURSOHW FRPSDUHG WR ZKHQ LQ VROXWLRQ  IROG 7KH RWKHU
FRPSRXQGV VKRZHG D  WR  IROG LQFUHDVH LQ LQWHQVLW\ )RU DOO FRPSRXQGV
WHVWHG WKH UHOHDVH IURP WKH GURSOHW ZDV VLJQLILFDQWO\ KLJKHU WKDQ ZKHQ LQ
VROXWLRQ &RQYHQWLRQDO PRGHOV DUH EDVHG RQ WKH SULQFLSOH WKDW DURPD UHOHDVH
RFFXUV E\ FRPSRXQG GLVVROXWLRQ LQ WKH OLTXLG SKDVH IROORZHG E\ VXEVHTXHQW
SDUWLWLRQYLDPDVV WUDQVIHU LQWRWKHJDVSKDVHDERYH WKH OLTXLG+DUULVRQ 
It LV DSSDUHQW WKDW WKLV LV QRW WKH FDVH LQ WKLV LQVWDQFH 7KH UDSLGDQG VLJQLILFDQW
LQFUHDVHLQUHOHDVHVXJJHVWVWKDWWKHGURSOHWEHKDYHVLQDGLIIHUHQWZD\It LV OLNHO\
WKDWDV WKHGURSOHWPLJUDWHVWR WKHVXUIDFHRIWKHVROXWLRQGXHWR LWV ORZHUGHQVLW\
WKDQ ZDWHU WKHSXUHYRODWLOHGURSOHW LV VXEMHFWHGWR PLQLPDOGLVVROXWLRQ 2QFH LW




WKH VROXWLRQ 2EVHUYDWLRQ RIWKH GURSOHW LQ VROXWLRQ FRQILUPV WKLV EHKDYLRXU $W
WKLV VWDJH WKH YRODWLOH FRPSRXQG LV VXEMHFW WR UDSLG YRODWLOL]DWLRQ IURP WKLV YHU\












0  100   
0D[LPXP,QWHQVLW\RI5HOHDVH5HODWLYHWR6ROXELOLVHG6DPSOHV
)LJXUH  0D[LPXP LQWHQVLW\ RIGURSOHW UHOHDVH UHODWLYH WR WKH GLVSHUVHG DURPD
ZKHQ LQMHFWHG LQWR VROXWLRQV 'DWD UHSUHVHQW PD[LPXP LQWHQVLW\ RI UHOHDVH IURP
GURSOHWV UHODWLYH WR VROXELOLVHG DURPD 0HDQVRI UHSOLFDWHV (UURUEDUV UHSUHVHQW
WKHVWDQGDUGGHYLDWLRQ
,GHDOO\ LW ZRXOGKDYHEHHQRILQWHUHVW WR REVHUYH WKH HIIHFWVRIDURPDGURSOHW in 
vivo XVLQJ EUHDWKE\EUHDWK DQDO\VLV +RZHYHU UDSLG GURSOHW PLJUDWLRQ PDNHV
WKLV VWXG\ LPSUDFWLFDO DQGKHQFH PHWKRGV RILPPRELOLVLQJ WKH GURSOHWV ZLWKLQ D
PDWUL[ZHUHLQYHVWLJDWHGWR VWXG\GURSOHWUHOHDVHin vivo. 
 'URSOHW5HOHDVHIURP7KLFNHQHG$TXHRXV6DPSOHV
7KHQH[WVWDJHZDV WR LPPRELOLVHWKHGURSOHWV LQ DYLVFRXV OLTXLGV\VWHPXVLQJD
WKLFNHQHUWR UHVWULFW GURSOHWPLJUDWLRQ ;DQWKDQZDV FKRVHQ DV LW LV D IRRG JUDGH

&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
K\GURFROORLG 2GDNH et al.  DQG GRHV QRW LQWHUDFW VLJQLILFDQWO\ ZLWK WKH
FRPSRXQGVXVHG
7KH SUHOLPLQDU\ UHVXOWV GHVFULEHG LQ 6HFWLRQ  VKRZHG WKDW LQFUHDVLQJ WKH
FRQFHQWUDWLRQRI[DQWKDQLQFUHDVHGWKHWLPHWDNHQIRUWKHYRODWLOHGURSOHWWR UHDFK
WKH DLUVROXWLRQ LQWHUIDFH 7KLV UHVWULFWLRQ RIPRYHPHQW LV HVVHQWLDO VR WKDW WKH
GURSOHW FDQ EH GHOLYHUHG WR WKH PRXWK LQWDFW DQG WKHQ UHOHDVHG GXULQJ
FRQVXPSWLRQ ;DQWKDQVROXWLRQV  P/  RR ZHUHSLSHWWHGLQWRJODVV WHVW
WXEHV DQGDGURSOHWRISXUHYRODWLOHFRPSRXQG -OO ZDVLQMHFWHGDW PPIURP
WKH VXUIDFH 6DPSOHV ZHUH FRQVXPHG ZLWKRXW PDVWLFDWLRQ DQG DURPD
FRQFHQWUDWLRQVPHDVXUHGXVLQJ$3FO06
)LJXUH  VKRZV D VLJQLILFDQW UHGXFWLRQ LQ WKH PD[LPXP LQWHQVLW\ RIUHOHDVH
IURP GURSOHWV ZKHQ WKH FRQFHQWUDWLRQ RI [DQWKDQ ZDV LQFUHDVHG 7KLV ZDV
H[SHFWHG DV LQFUHDVHG YLVFRVLW\ ZRXOG UHVWULFW WKH GURSOHW IURP PRYLQJ WR WKH
VXUIDFHRIWKH VROXWLRQLQWKH VKRUWWLPHSHULRGWKDWWKH VDPSOHZDV LQPRXWK
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    
&RQFHQWUDWLRQRI;DQWKDQ
)LJXUH  *UDSK RI,PD[ DQG R IUHTXHQF\ RIUHOHDVH IRU O-OO GURSOHW RIOLPRQHQH
IURPGLIIHULQJFRQFHQWUDWLRQVRI[DQWKDQVROXWLRQV0HDQVRI UHSOLFDWHV
)UHTXHQF\ RIUHOHDVH UHIHUV WR WKH QXPEHU RIWLPHV DV D SHUFHQWDJH WKDW WKH
GURSOHW ZDV FRQVLGHUHG WR EH UHOHDVHG LQ PRXWK GXULQJ FRQVXPSWLRQ 7KLV YDOXH
LV EDVHG RQ WKH FRQFHQWUDWLRQ RI DURPD GHWHFWHG LQ QRVH H[FHHGLQJ D
SUHGHWHUPLQHGOHYHO ,IWKHFRQFHQWUDWLRQGLGQRWH[FHHGWKLVOHYHOWKHGURSOHWZDV
VDLG WR QRW KDYH EHHQUHOHDVHG WKXV ORZHULQJ LWV IUHTXHQF\ RIUHOHDVH 'HWHFWLRQ
RIORZHULQWHQVLWLHVZHUHDVVXPHGWRQRWEHGXHWR GURSOHWUHOHDVH)LJXUHDOVR
VKRZV WKDW WKH IUHTXHQF\ RIGURSOHW UHOHDVH FKDQJHG DV D IXQFWLRQ RI[DQWKDQ
FRQFHQWUDWLRQ 7KLVFDQEH H[SODLQHGE\WKH IDFW WKDW WKH LQFUHDVHGHQWDQJOHPHQW
RIWKH[DQWKDQFRLOVVLJQLILFDQWO\UHVWULFWHGWKHPRYHPHQWRIWKHGURSOHW6HFWLRQ
 DQG SUHYHQWHG WKH GURSOHW IURP UHDFKLQJ WKH DLUVROXWLRQ LQWHUIDFH $V
[DQWKDQUHVWULFWHGGURSOHWPLJUDWLRQLQ WKHVDPSOHVR LWDOVRKDPSHUHGWKHGURSOHW
DFFHVV WR WKH DLUZDWHU LQWHUIDFH LQ PRXWK 7KH UDSLG VZDOORZLQJ RIWKH VDPSOH




2WKHU VWXGLHV KDYH VKRZQ WKDW GURSOHW UHOHDVH IURP OLTXLG VDPSOHV FDQ EH
LQIOXHQFHGE\FKHZLQJDFWLRQV /LQIRUWK &ORVXUHRIWKHYHOXPPD\RFFXU
DWYROXPHVRIOLTXLGDERYH P/LQWKHPRXWKZKLFKSUHYHQWVGHOLYHU\RIDURPD
FRPSRXQGV WR WKH QDVDO DLUZD\V +RGJVRQ Unpublished). 7KLV FORVXUH RIWKH
YHOXP FRXOG H[SODLQ WKH ORZ OHYHOV RIGURSOHW UHOHDVH DV WKH YROXPHRIVROXWLRQ
XVHG ZDV  P/ 7KLV YROXPH PD\ FDXVH YHOXP FORVXUH DQG DQ\ GURSOHWV QRW
LQVWDQWO\ UHOHDVHG PD\ QRW KDYH DFFHVV WR WKH QDVDO DLUZD\V VXEVHTXHQWO\
+RZHYHU LQ WKLV VWXG\RQO\VZDOORZLQJRFFXUUHGDQGWKHUHIRUHWKH LQIOXHQFHVRI
WKH LQPRXWK VKHDU DQGYHOXPFORVXUHPD\EHQHJOLJLEOH DV GURSOHWUHOHDVHPD\
EHPRUHOLNHO\WRRFFXUIURPWKHWKURDW
5HVWULFWLRQ RIDURPD FRPSRXQG PRYHPHQW E\ [DQWKDQ FRXOG EH FDXVLQJ WKH
GHFUHDVH LQ LQWHQVLW\ 6WHULFSKHQRPHQDDW FRQFHQWUDWLRQV DERYH F DUH WKHPRVW
OLNHO\ FDXVH RI GURSOHW UHVWULFWLRQ *RQ]DOH]7RPDV DQG FRZRUNHUV 
UHSRUWHGWKDWLQFUHDVLQJ[DQWKDQFRQFHQWUDWLRQDERYHH[FHHGVWKHF YDOXH
+RZHYHU WKH UHVXOWV LQ RXU H[SHULPHQW LQGLFDWH WKDW WKH OLPRQHQH GURSOHW ZDV
VWLOOFDSDEOHRIPLJUDWLRQXSWRFRQFHQWUDWLRQVRI[DQWKDQLQVROXWLRQ
%LQGLQJRIWKHDURPDFRPSRXQGVWR[DQWKDQZLOOIXUWKHUUHGXFHWKHUHOHDVHRIWKH
DURPD FRPSRXQGV ,QFUHDVLQJ [DQWKDQ FRQFHQWUDWLRQ LQFUHDVHV WKH QXPEHU RI
ELQGLQJ VLWHV DYDLODEOHFRQFHQWUDWLRQVRI EHLQJVKRZQWR EH VXIILFLHQW WR
ELQGVRPH DURPDFRPSRXQGV <YHQet al.  +RZHYHU &RRNet al. E
UHSRUWHG WKDW in vivo FRQFHQWUDWLRQV ZHUH XQDIIHFWHG E\ LQFUHDVHG WKLFNHQHU
FRQFHQWUDWLRQV HYHQ WKRXJK WKH DURPD SHUFHSWLRQ GHFUHDVHG ZLWK LQFUHDVLQJ
WKLFNHQHU FRQFHQWUDWLRQ 7KHVH DXWKRUV WKHUHIRUH VXJJHVWHG D PXOWLPRGDO
UHVSRQVH ZDV PRUH DSSDUHQW IRU DURPD UHOHDVH WKDQ SXUHO\ WKH PD[LPXP
LQWHQVLW\RIDURPDGHWHFWHGLQQRVH 7KHVH UHIHUHQFHV LQGLFDWH WKDWFDUHPXVWEH
WDNHQZKHQVXJJHVWLQJVXLWDEOHGURSOHWUHWHQWLRQPDWULFHV7KHHIIHFWVRI[DQWKDQ




6.3 Effect of Droplet Release from Model Gelatine-Sucrose Gel 
System 
7KHHIIHFWRIDVROLGJHOPDWUL[RQUHOHDVHZDVWKHQVWXGLHG ,QVHUWLRQRIGURSOHWV
ZDV EHVW DFKLHYHG XVLQJ D PLFUROLWUH V\ULQJH DQG LQMHFWLQJ WKH DSSURSULDWH
YROXPH DV WKH JHO VWDUWHG WR VHW 6HFWLRQ  7KLV FUHDWHGD VSKHULFDO GURSOHW
VXVSHQGHG LQ WKH YLVFRXV VROXWLRQ ZKLFK WKHQ EHFDPH LPPRELOLVHG LQ WKH JHO
$WWHPSWV WR LQMHFW WKH GURSOHW DIWHU WKH JHO KDG VHW UHVXOWHG LQ ILVVXUHV ZLWK WKH
UHVXOW WKDW WKH DURPD FRPSRXQGZDV LQ WKH IRUP RIDQ LUUHJXODU VKDSH 6HFWLRQ
 WKHUHIRUH LQMHFWLRQ RI GURSOHWV RFFXUUHG GXULQJ JHODWLRQ )RU FRQWURO
VDPSOHV ZLWK VROXELOLVHG DURPD SURS\OHQH JO\FRO ZDV FKRVHQ DV WKH FDUULHU
VROYHQWWRGLVSHUVHWKHYRODWLOHFRPSRXQGVHYHQWKRXJKLWKDVEHHQVKRZQQRWWR
EH WKHPRVWHIILFLHQWVROYHQW&KDSWHU It LV LPSRUWDQWWRQRWHDWWKLV VWDJHWKDW
DOO WKHJHOVDPSOHVLQWKLV H[SHULPHQWFRQWDLQHGSURS\OHQHJO\FRO+RZHYHU
LW LV WKH PRVW FRPPRQO\XVHG VROYHQW LQ FRQIHFWLRQHU\ SURGXFWV VXFK DV JHOOHG
VZHHWV DQG GRHV QRW SURGXFH WKH DOWHUDWLRQV LQ $3FL06 LRQL]DWLRQ REVHUYHG
ZKHQHWKDQROZDVXVHG6HFWLRQ
6.3.1 Preliminary Experiments 
3UHOLPLQDU\ H[SHULPHQWV VKRZHG WKDW JHOV FRQWDLQLQJ GURSOHWV UHOHDVHG D YHU\
KLJK LQWHQVLW\ RIYRODWLOH FRPSRXQGV LQWR WKH QDVDO DLUZD\V DQG WKH VLJQDO
UHFRUGHGH[FHHGHGWKH PD[LPXPGHWHFWLRQ OLPLWRIWKHPDVV VSHFWURPHWHU06
)LJXUH  06 RSHUDWLQJ FRQGLWLRQV DQG GURSOHW VL]HV ZHUH VXEVHTXHQWO\
PRGLILHG IRU IXWXUH H[SHULPHQWV WR SURGXFH GDWD ZLWKLQ WKH $3FO06 GHWHFWLRQ
OLPLWV )RU DOO WKH GURSOHW H[SHULPHQWV UHOHDVH ZDV REVHUYHG LQGLFDWLQJ WKDW
PDVWLFDWLRQKDGH[SRVHG WKH GURSOHW 7KHUH ZDV FRQFHUQ WKDW WKH GURSOHW ZRXOG
QRWQHFHVVDULO\EHUXSWXUHGGXULQJPDVWLFDWLRQDQGFRXOGEHVZDOORZHGLQWDFWEXW
WKLV GLGQRWRFFXULQDQ\RIWKHVDPSOHVWHVWHG 7KLV ILQGLQJFRQWUDVWVWR WKH GDWD

&KDSWHU 3RWHQWLDORI$URPD5HOHDVH IURP'URSOHWV
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Figure 6.3 Difference in APci-MS traces for droplet against dispersed release for 
ethyl butyrate. Droplet sample on the left, dispersed sample on the right (Sample 
has been magnified in the box to show the pattern of release). 
)LJXUH  LOOXVWUDWHV WKH GLIIHUHQFH LQ SURILOHV RIHWK\O EXW\UDWH UHOHDVH EHWZHHQ
GURSOHW DQG VROXELOLVHG DURPD ERWK VDPSOHV FRQWDLQHG WKH VDPH DPRXQW RI
DURPD )RUWKHGURSOHWWKHUH ZDV DYHU\KLJK LQLWLDO LQFUHDVH DV WKH GURSOHWZDV
UHOHDVHG FRPSDUHG WR WKH VROXELOLVHG DURPD 7KLV LQGLFDWHV WKDW DV LQ VROXWLRQV
WKH GURSOHWZDVEHLQJUHOHDVHGUDSLGO\GXULQJWKHFRQVXPSWLRQSHULRGDQGJDYHD
VLJQLILFDQW LQFUHDVH LQ WKH LQWHQVLW\ RIUHOHDVH 7KLV EHKDYLRXU FRUUHODWHV WR WKDW
REVHUYHG in vitro 6HFWLRQ  7KLV FRQWUDVWV WR WKH VROXELOLVHG DURPD ZKLFK
VKRZHGD JUDGXDO UHOHDVH DV WKH JHO GLVVROYHGPHOWHGDQG WKH DURPDSDUWLWLRQHG
IURP WKH VDOLYD LQWR WKH RUDO FDYLW\ DV VXJJHVWHG E\ WKH PRGHO RIUHOHDVH IURP




6.3.2 Dynamic Headspace Measurements 
$V DFRPSDULVRQWR G\QDPLFKHDGVSDFHUHOHDVH IURP DTXHRXV V\VWHPV G\QDPLF
UHOHDVH IURP JHOV ZDV PHDVXUHG in vitro. *HO VDPSOHV FRQWDLQLQJ OLPRQHQH DQG
HWK\OEXW\UDWHHLWKHUDV  ~ 1 1 GURSOHWVRUDV VROXELOLVHGDURPDZHUHSODFHGLQWR 
P/ RI ZDWHU LQ D VHDOHG 6FKRWW ERWWOH RQ D KHDWHG PDJQHWLF VWLUUHU & 
USP 7KH G\QDPLF KHDGVSDFH FRQFHQWUDWLRQ RYHU WLPH ZDV PHDVXUHG DV SHU
6HFWLRQ
)LJXUH  VKRZV WKH FRQFHQWUDWLRQ RI YRODWLOH LQ WKH KHDGVSDFH ZLWK WLPH
QRUPDOLVHG GDWD IRU FRPSDULVRQRIGURSOHW DQG VROXELOLVHG OLPRQHQH It VKRZV
WKDW WKH GURSOHW UHOHDVHV PRUH TXLFNO\ DQG WKLV UHLQIRUFHV WKH FRQFOXVLRQ WKDW
DURPD LV EHLQJ UHOHDVHG IURP WKH LQWHUIDFH 7KLV QRW QHFHVVDULO\ DSSDUHQW IURP
WKH LPDJHVKRZQLQ)LJXUHKRZHYHU LW LV LPSRUWDQWWR FRQVLGHUWKDWWKHGDWD
KDV EHHQ QRUPDOLVHG WR WKH PD[LPXP LQWHQVLW\ IRU HDFK VDPSOH It LV DOVR
LPSRUWDQW WR QRWH WKDW WKHUH LV RQO\ DPLQLPDO OHYHO RIDURPD UHOHDVH RFFXUULQJ
IURPWKHGURSOHWVDPSOHSULRUWR WKHGURSOHWEHLQJUHOHDVHG $WWKLVSRLQWDUDSLG
LQFUHDVHLQDURPDUHOHDVHLVGHWHFWHGDV WKLVLVZKDWLVPHDQWE\WKHUDWHRIUHOHDVH
EHLQJ KLJKHU IURP GURSOHW FRPSDUHG WR VROXELOLVHG VDPSOHV ,QWHUHVWLQJO\ WKHUH
ZDV D ORZ GHWHFWLRQ OHYHO EHIRUH WKH DSSDUHQW UHOHDVH RI WKH GURSOHW ZKLFK
VXJJHVWV WKDW VRPH GLVVROXWLRQ HLWKHU LQWR WKH JHO RU GXH WR WKH LQFUHDVHG
WHPSHUDWXUHRUDJLWDWLRQKDGRFFXUUHG It DOVRGHPRQVWUDWHVWKDWWKHGURSOHWFRXOG
EH UHWDLQHG XQWLO WKH VXUURXQGLQJ JHO PDWUL[ ZDV GLVVROYHG LQ WKH DEVHQFH RI
PDVWLFDWLRQ
$QLQIOHFWLRQSRLQWLV DOVR REVHUYHGGXULQJ WKH GLVVROXWLRQRIWKH VROXELOLVHGJHO
VDPSOH ZKLFK PD\ EH H[SODLQHGE\ DEXLOGXS RIDURPD GLVVROYHG LQ VROXWLRQ















)LJXUH  '\QDPLF UDWH RI UHOHDVH RIOLPRQHQH IURP JHODWLQHVXFURVH JHOV ZKHQ
DGGHGDVDGURSOHWRUVROXELOLVHGDURPD6LQJOHVDPSOH
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'URSOHW 6ROXELOLVHG
7\SHRI$URPD'LVSHUVLRQ
)LJXUH  0D[LPXP LQWHQVLWLHV RI OLPRQHQH UHOHDVH IURP JHODWLQHVXFURVH JHOV
ZKHQ DGGHG DV D GURSOHW RU VROXELOLVHG DURPD 0HDQ RI  UHSOLFDWHV 'DWD
QRUPDOLVHGWRVROXELOLVHGVDPSOH(UURUEDUVUHSUHVHQWRQHVWDQGDUGGHYLDWLRQ 
,QWHUHVWLQJO\ WKHVH UHVXOWV VKRZHGDVLJQLILFDQW LQFUHDVH LQ WKH LQWHQVLW\GHWHFWHG
ZL WK OLPRQHQHKDYLQJD IROG LQFUHDVH LQ GURSOHW ,PD[ FRPSDUHGWR VROXELOLVHG

&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
DURPD )LJXUH  7KLV ZDV FRPSDUDEOH WR WKH GDWD REVHUYHG LQ DTXHRXV
VDPSOHV ZKHUH  IROG LQFUHDVHV ZHUH REVHUYHG IRU GURSOHWV FRPSDUHG WR
VROXELOLVHG DURPD 5HVXOWV IURP HWK\O EXW\UDWH DJDLQ H[FHHGHG WKH GHWHFWLRQ
OLPLWVDQGDUHQRWVKRZQ
6.3.3 Effect of Aroma Incorporation on Maximum Release Intensity 
,PD[




LQWR WKH JHO 6HFWLRQ  ZLWK VDPH RYHUDOO DURPD FRQFHQWUDWLRQ IRU HDFK
VDPSOH It ZDV H[SHFWHGWKDW GURSOHWZRXOGVKRZDQ LQFUHDVHG ,PD[ IRU DOO WKH
DURPDFRPSRXQGVWHVWHG DQGWKDWLQFUHDVLQJGURSOHWQXPEHUZRXOGGHFUHDVHWKH
,PD[ DV WKH GURSOHWV ZRXOG QRW DOO EH UHOHDVHG VLPXOWDQHRXVO\ 7KHVH YRODWLOH
FRPSRXQGV UHSUHVHQWDUDQJH RIGLIIHUHQWDURPDFRPSRXQGSURSHUWLHV LQFOXGLQJ
GLIIHUHQFHVLQK\GURSKRELFLW\/RJ3 VROXELOLW\DQGYDSRXUSUHVVXUH
5HVXOWV IRU WKH PD[LPXP LQWHQVLWLHV RI UHOHDVH DUH VKRZQ LQ 7DEOH  DV
QRUPDOLVHGYDOXHV QRUPDOLVHGWR WKH VDPSOH ZLWK WKH VROXELOLVHG IODYRXU VXFK
WKDW DOO WKH GLIIHUHQFHV EHWZHHQYRODWLOHV FRXOGEH UHDGLO\ FRPSDUHG 7KHUHIRUH
YDOXHV >  VKRZHG DQ LQFUHDVHG UHOHDVH LQ PD[LPXP LQWHQVLW\ ZKHQ GURSOHW
VDPSOHVZHUHFRQVXPHG)RUDOO GURSOHWVDPSOHVDQGDOO DURPDFRPSRXQGVWKHUH




7DEOH  ,QWHQVLW\ RIin vivo UHOHDVH OPD[ IURP JHODWLQHVXFURVH JHOV FRQWDLQLQJ
GURSOHWV ,Q QRVH DURPD FRQFHQWUDWLRQV ZHUH PHDVXUHG XVLQJ $3FL06 DQG
QRUPDOLVHG WR WKH VROXELOLVHG VDPSOH 'DWD IURP IRXU SDQHOOLVWV HDFK FRQVXPLQJ
WKUHHUHSOLFDWHJHOV
&RPSRXQG GURS GURSV GURSV 6ROXELOLVHG
(WK\ODFHWDWH    
(WK\OEXW\UDWH     
+H[DQDO    
/LPRQHQH      
/LPRQHQH VKRZHG WKH ORZHVW LQFUHDVH LQ LQWHQVLW\ UDWLR  IROG IRU D VLQJOH
GURSOHW FRPSDUHG WR VROXELOLVHG DURPD ,Q FRQWUDVW HWK\O EXW\UDWH VKRZHGD IDU
JUHDWHULQFUHDVHRIDURXQGWLPHVWKH,PD[Â (WK\ODFHWDWHVKRZHGDQLQFUHDVHRI
WLPHVDQGKH[DQDODQLQFUHDVHRI WLPHV7KHUDWLRVEHWZHHQWKHGURSOHWDQG
VROXELOLVHG VDPSOHVYDULHGZLGHO\GHSHQGLQJRQ WKH FRPSRXQGDVVHVVHG 7KHVH
REVHUYHG GLIIHUHQFHV FDQ EH H[SODLQHG E\ YDULDWLRQ LQ WKH EHKDYLRXU RI WKH
LQGLYLGXDO FRPSRXQGV )XUWKHU GLVFXVVLRQ RIWKH HIIHFWV RIDURPD FRPSRXQG
SK\VLFRFKHPLFDOSURSHUWLHVLVGHVFULEHGLQ6HFWLRQ
7KH UHODWLYH LQWHQVLW\ RIDURPD UHOHDVH IURP VDPSOHV FRQWDLQLQJ   DQG 
GURSOHWV LVVKRZQLQ)LJXUH )RUWKHIRXUFRPSRXQGVVWXGLHGWKHUHVXOWVVKRZ
WKDW GURSOHWKDGDKLJKHULQWHQVLW\RIUHOHDVHWKDQGURSOHWVZKLFKZDVKLJKHU












QRW YRODWLOLVH DV LQWHQVHO\ LQWR WKH RUDO FDYLW\ OHDGLQJ WR ORZHU FRQFHQWUDWLRQV




 DV DQXPEHURIVPDOO GURSOHWV GLVSHUVHG WKURXJKRXW WKH
JHO VDPSOH *DUWL et al.  7KLVPD\ OHDGWR UHOHDVH IURP D VHULHV RIPLFUR
GURSOHWV ZKLFK ZRXOG JLYH D KLJKHU LQWHQVLW\ RIUHOHDVH 5HGXFHG VROXELOLW\ RI
OLPRQHQH LQSURS\OHQHJO\FRO KDV EHHQ VKRZQ WR DIIHFW WKH LQWHQVLW\DQGSURILOH
RIUHOHDVH IURP JHODWLQHVXFURVH JHOV 6HH 6HFWLRQ  7KLV PD\ EH D UHDVRQ
ZK\ WKH LQWHQVLW\UDWLRZDV ORZHUIRU OLPRQHQH UHOHDVH WKDQRWKHUFRPSRXQGV ,I
DVROXWLRQRIOLPRQHQH LV LQ UHDOLW\ D GLVSHUVLRQ RID ODUJH QXPEHURIVPDOOHU
GURSOHWV WKHQ WKH UHOHDVH IURP WKHVH PD\ EH UHODWLYHO\ KLJKHU WKDQ IRU D
FRPSRXQGZKLFKSURGXFHVDKRPRJHQRXVVROXWLRQ
7KH REVHUYHGGHFOLQH LQ LQWHQVLW\DV WKH GURSOHWQXPEHUGHFUHDVHGPLPLFVPRUH
WKH VLWXDWLRQWKDWLVSUREDEO\RFFXUULQJZKHQDURPDLV GLVSHUVHGLQ UHDO IRRGV ,Q
PRVWIRRG V\VWHPVDURPDFRPSRXQGVDUHXQOLNHO\WREH GLVSHUVHGDV RQHRUWZR
GURSOHWV 'XHWR WKHQDWXUHRIIRRG PDWULFHV WKH\DUH DOVRXQOLNHO\WR EHSUHVHQW
DV KRPRJHQRXV VROXWLRQV 7KHSUHVHQFHRIIDW PD\ZHOO LQKLELW WKH IRUPDWLRQ RI
DURPD GURSOHWV GHSHQGLQJ RQ WKH FRPSRXQG VROXELOLW\ LQ WKH IDW SKDVH EXW WKH
SRWHQWLDO IRU UHOHDVH DV GURSOHWV PD\ VWLOO EH DSSDUHQW LIWKH RLO LV DYDLODEOH LQ
GURSOHW IRUP SHUKDSV DV DQ HPXOVLRQ 7KH UHDO VLWXDWLRQZLOO EH VRPHZKHUH LQ
EHWZHHQ ZLWK UHJLRQV RI LQKRPRJHQHLW\ WKURXJKRXW D PDWUL[ 7KLV OHYHO RI
LQKRPRJHQHLW\ ZLOO GHSHQG QRW RQO\ RQ WKH PDWUL[ LWVHOI EXW DOVR RQ WKH
SURSHUWLHV RI WKH DURPD FRPSRXQGV ZLWK WKHLU SK\VLFRFKHPLFDO SURSHUWLHV
LQIOXHQFLQJWKHLUVROXELOLW\DQGUHOHDVHNLQHWLFV
,Q HQFDSVXODQW V\VWHPV DURPD FRPSRXQGV DUH UHWDLQHG ZLWKLQ SRFNHWV LQ D
PDWUL[ XVXDOO\ SRO\VDFFKDULGH DQG DUH UHOHDVHG ZKHQ WKLV PDWUL[ LV EURNHQ
GRZQE\IUDFWXUHRUGLVVROXWLRQ5HLQHFFLXV :KRUWRQ*XQQLQJet al. 
+DUYH\et al. D 6KHIHUDQG6KHIHU 7KHVHPDWULFHVDUH OLNHO\WR

&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP 'URSOHWV
KDYH ORZ OHYHOV RI DTXHRXV SKDVH DQG LW LV SRVVLEOH WKDW KLJKHU UHOHDVHV LQ
LQWHQVLW\ REVHUYHG IURP HQFDSVXODQWV PD\ EH GXH WR WKH UHOHDVH RIDURPD DV
GURSOHWV 

[ D , LURSBL@~ ~ p s s il4 GURUV~ o l u b i l i s e d d 
HWK\OEXW\UDWH HWK\ODFHWDWH KH[DQDO OLPRQHQH
Aroma Compound 
Figure 6.6 Maximum Intensity of aroma release for 4 compounds from 1, 2, 4 
droplets or solubilised aroma. Data was normalised to highest sample (1 drop) for 4 
panellists with 3 replicates of each. 
,QFUHDVHG GURSOHW QXPEHU VKRZHG D UHGXFWLRQ LQ DURPD FRPSRXQG LQWHQVLW\
)LJXUH  7KLV HIIHFW FDQ EH H[SODLQHGE\ WKH SURFHVV E\ZKLFK WKH GURSOHWV
ZHUH UHOHDVHG IURP WKH JHO 8SRQ PDVWLFDWLRQ WKH JHO ZDV IUDFWXUHG DQG DQ\
GURSOHWV DFFHVVHGE\WKLV IUDJPHQWDWLRQZRXOGEHUDSLGO\UHOHDVHG +RZHYHUWKH
SUREDELOLW\RIIUDFWXULQJDOO GURSOHWVVLPXOWDQHRXVO\ZDV ORZ 7KHUHIRUHUHOHDVH
RIWKH WRWDO DURPDIURP  GURSOHWVZDV XQOLNHO\ WR RFFXULQWKH VDPHPDVWLFDWLRQ
HYHQW 6XEVHTXHQWO\WKHTXDQWLW\RIDURPDUHOHDVHGZDV ORZHUWKDQIRU GURSOHW
,QFUHDVHGGURSOHWQXPEHUFDXVHVDPRUHJUDGXDO UHOHDVHZKLFK FRUUHVSRQGV WR D
UHGXFWLRQLQWKHPD[LPXPLQWHQVLW\RIUHOHDVH
6LJQLILFDQWGLIIHUHQFHV $129$ ZHUH VWLOO REVHUYHGEHWZHHQ WKH LQWHQVLWLHV RI
UHOHDVH ZKHQ WKH VROXELOLVHG VDPSOHV ZHUH UHPRYHG IURP WKH GDWD VHW IRU HWK\O
204 
&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
EXW\UDWHDQGOLPRQHQH S2221 DQGS UHVSHFWLYHO\7KLVZDVQRWWKH FDVH
IRU HWK\O DFHWDWH RUKH[DQDO S! DQG S!2,2 UHVSHFWLYHO\ ZKLFK VXJJHVWHG
WKDW WKH YDULDWLRQ EHWZHHQ GURSOHW VDPSOHV ZDV OHVV VLJQLILFDQW IRU WKHVH
FRPSRXQGV WKDQ FRPSDUHGWR WKH VROXELOLVHGDURPDV +RZHYHU LQ DOO FDVHV WKH
GURSOHW VDPSOHV UHOHDVHG DW VLJQLILFDQWO\ KLJKHU LQWHQVLWLHV WKDQ WKH VROXELOLVHG
DURPD $V WKH QXPEHU RIGURSOHWV LQFUHDVHG WKH LQWHQVLW\ RIUHOHDVH GHFOLQHG
7KLVVXJJHVWVWKDWODUJHUDURPDGURSOHWVUHOHDVHDWKLJKHULQWHQVLWLHVin vivo, WKDQ
VPDOOHUGURSOHWV
6.3.4 Effect of Droplets on the Temporal Release of Aroma 
Compounds Compared to Solubilised Samples 
7KH SURILOH RIWKH UHOHDVH LV LPSRUWDQW IRU SHUFHSWLRQ 7KH WLPH WR PD[LPXP
LQWHQVLW\7PD[ LV DQLPSRUWDQWLQGLFDWRURIUHOHDVHUDWH )LJXUHFRPSDUHVWKH
7PD[ YDOXHVIRUWKHGLIIHUHQWFRPSRXQGVDQGLOOXVWUDWHVWKHVDPHWUHQGWKDWZDV
VHHQ IRU HWK\O EXW\UDWH 6HFWLRQ  ZLWK WKH VROXELOLVHG VDPSOHV KDYLQJ D
VLJQLILFDQWO\ ORQJHU WLPH WR PD[LPXP LQWHQVLW\ WKDQ WKH GURSOHW VDPSOHV
S
7KHHDUOLHU7PD[ IURP GURSOHWPD\EHH[SODLQHGE\DQLQFUHDVHGSUREDELOLW\WKDW
GURSOHWZLOOEHUHOHDVHG UDWKHUWKDQRUGURSOHWV VLPXOWDQHRXVO\ LQDVLQJOH























)LJXUH  7LPH WR 0D[LPXP ,QWHQVLW\ 7PD[ RIDURPD UHOHDVH IRU  FRPSRXQGV
IURP    GURSOHWV RUVROXELOLVHG DURPD 0HDQV IRU IRXU SDQHOOLVWV FRQVXPLQJ
UHSOLFDWHVRIHDFKVDPSOH
'LIIHUHQW SDWWHUQV RIUHOHDVH )LJXUH  DUH H[KLELWHG E\ GLIIHUHQW FRPSRXQGV
ZLWK WZR K\GURSKRELFFRPSRXQGVOLPRQHQH DQGHWK\ORFWDQRDWHVKRZLQJKLJK
HDUO\ SHDNV EXW D UDSLG UHGXFWLRQ LQ UHOHDVH LQWHQVLW\ 7KH PRUH K\GURSKLOLF
FRPSRXQGV HWK\O EXW\UDWH DQG GLHWK\O S\UD]LQH VKRZ D ORQJHU VXVWDLQHG
UHOHDVH 7KLV PD\ EH GXH WR LQFUHDVHG VROXELOLW\ RIWKHVH FRPSRXQGV LQWR WKH
VDOLYD RU PXFRVDO PHPEUDQHV %XHWWQHU  %XHWWQHU et al. D
$OWHUQDWLYHO\ WKH YDSRXUSUHVVXUHV RIWKHVH FRPSRXQGV PD\ EH LQIOXHQFLQJ WKH
UHOHDVH 7KH WZR K\GURSKLOLF FRPSRXQGV VWXGLHG KDYH KLJKHU YDSRXU SUHVVXUHV
7KLV PHDQV WKDW DV WKH JDV SKDVH EHFDPH GHSOHWHG WKH\ ZRXOG UDSLGO\ UH
HTXLOLEUDWH WR D KLJK FRQFHQWUDWLRQ LQ WKH JDV SKDVH 0DULQ et al.  7KH
UHVHUYRLURIDURPDUHWDLQHG LQ WKH RUDO FDYLW\FRXOGEHDUHDVRQ IRU WKH LQFUHDVHG
SHUVLVWHQFH
7KLV VXJJHVWV WKDW UHOHDVH IURP GURSOHWV DOVR DIIHFWHG WKH UDWH RIUHOHDVH7KLV LV
GHPRQVWUDWHG E\ WKH IDFW WKH GURSOHWV VKRZ D UDSLG HDUO\ DURPD UHOHDVH DV WKH\
DUH OLEHUDWHG IURP WKH JHO PDWUL[ ZKLFK GHFOLQHV UDSLGO\ WKHUHDIWHU ,Q FRQWUDVW

&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
WKH VROXELOLVHG DURPD VKRZV D VORZHU PRUH FRQVLVWHQW UHOHDVH DQG UHDFKHV WKH
PD[LPXP FRQFHQWUDWLRQ DW D ODWHU SRLQW GXULQJ WKH FRQVXPSWLRQ SURFHVV ,Q
/LQIRUWKDQG7D\ORUUHSRUWHGWKDWORZ/RJ3RUORZYDSRXUSUHVVXUH/RJ
SO FRPSRXQGVSURGXFHGWKH JUHDWHVW OHYHO RISHUVLVWHQFH GXH WR UHSDUWLWLRQ LQWR
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)LJXUH $3FO 06 WUDFHV UHSUHVHQWLQJ WKHGLIIHUHQFH LQ DURPD UHOHDVH SURILOHV
EHWZHHQ GURSOHWVDPSOHV  -/, OHIWVLGH DQGDURPDPL[HG LQ KRPRJHQRXVO\ ULJKW




7LPHUHOHDVH SURILOHV IRU HWK\O EXW\UDWH DQG OLPRQHQH LOOXVWUDWH WKH YDULDWLRQ LQ
UHOHDVH IURP GURSOHWV DQG VROXELOLVHG DURPD )LJXUHV  DQG  (WK\O
EXW\UDWH VKRZHG D UDSLG LQFUHDVH LQ DURPD FRQFHQWUDWLRQ DV WKH GURSOHW ZDV
UHOHDVHG IROORZHG E\ SURORQJHG SHUVLVWHQFH 6ROXELOLVHG HWK\O EXW\UDWH VKRZV D
VWDQGDUGUHOHDVHFXUYHIRUDVROXELOLVHGDURPDIURPDJHOZLWKDJUDGXDO LQFUHDVH
DV WKHJHOLVEURNHQGRZQ/LPRQHQHDOVRVKRZHGWKH LQLWLDOGURSOHWEXUVWEXWWKH
VROXELOLVHG DURPDFXUYH GRHV QRW IROORZ WKH VWDQGDUG UHOHDVH REVHUYHG IRU HWK\O
EXW\UDWH SHUKDSV GXH WR WKH SUHVHQFH RI WKH DIRUHPHQWLRQHG PLFURGURSOHWV 
/LPRQHQH VROXELOLVHG LQ  R SURS\OHQH JO\FRO VKRZHG HDUO\ EXUVWV RIUHOHDVH
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0.4 0.6  1.0 
7LPLQJRI5HOHDVHPLQ
)LJXUH$URPDUHOHDVHRIHWK\OEXW\UDWHIURPJHODWLQHVXFURVHJHOV LQ WKHIRUPRI
D GURSOHWRUDV VROXELOLVHG DURPD7KHGDWD LV H[SUHVVHG UHODWLYH WR WKH PD[LPXP
LQWHQVLW\IRUHDFKRIWKHFXUYHVDQGLV WKHPHDQRI UHSOLFDWHV
5HGXFWLRQRIGURSOHW VL]H LQ HPXOVLRQV FUHDWHGDQ LQFUHDVHGVXUIDFHDUHDWKHUHE\
LQFUHDVLQJWKH DUHDDYDLODEOH IRU YRODWLOL]DWLRQ 0LHWWLQHQet al. 7KLV PD\
EHWKHFDVHIRUGURSOHWUHOHDVH +RZHYHUDFRQWULEXWLRQIURP WKHYRODWLOLW\ RIWKH

&KDSWHU 3RWHQWLDORI$URPD5HOHDVH IURP'URSOHWV
FRPSRXQG P TXHVWLRQ PD\ DOVR EH RI LPSRUWDQFH /LQIRUWK et a/. F $
JUHDWHU DPRXQW RIYRODWLOH FRPSRXQG ZLOO YRODWLOLVH WR D JUHDWHU H[WHQW 7KHVH
UHVXOWV VKRZHGWKDWGURSOHWVKDYHDGHILQLWH LPSDFWRQQRWRQO\WKH LQWHQVLW\EXW
DOVR WKH SURILOH RIDURPD UHOHDVH IURP JHODWLQHVXFURVH JHOV  7KH LQWHQVL W\ RI










0.4   
7LPLQJRI5HOHDVHPLQ
)LJXUH $URPD UHOHDVHRIOLPRQHQH IURP JHODWLQHVXFURVHJHOV LQ WKH IRUP RID
GURSOHW RU DV VROXELOLVHG DURPD 7KH GDWD LV H[SUHVVHG UHODWLYH WR WKH PD[LPXP
LQWHQVLW\IRUHDFKRIWKHFXUYHVDQGLV WKHPHDQRI UHSOLFDWHV
%DHNet al. IRXQG WKDWGLIIHUHQFHV LQ VHQVRU\SHUFHSWLRQRIIXUIXU\O DFHWDWH
UHOHDVHIURPJHOVZHUHQRWGXHWRELQGLQJWR WKHJHODWLQHEXWZHUHGXHWR GLIIHUHQW
UDWHV RIJHO EUHDNGRZQ DQG UHOHDVH +RZHYHU WKHVH ZRUNHUV DOVR QRWHG WKDW WKH
GLIIHUHQWJHODWLQH VWUHQJWKVXVHGZHUH FDXVLQJWKH JHOV WR EUHDNGRZQ DW GLIIHUHQW
UDWHV WKXV UHOHDVLQJ WKH WDVWDQWV DFLGV VXJDUV LQ DQ DOWHUHG SDWWHUQ ,Q WKLV
H[SHULPHQW WKH JHOV ZLOO EUHDNGRZQ LQ D VLPLODUPDQQHUDQG WDVWDQWV VKRXOG EH
UHOHDVHGDWWKH VDPHUDWHV WKXVPLQLPL]LQJDQ\ WDVWDQWHIIHFWVRQSHUFHSWLRQ7RR
UDSLG UHOHDVH RIDURPD LQ VRPHV\VWHPVPD\SURGXFHD GL VUXSWHG IODYRXUSURILOH
210 
&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
DQG WKLV ZLOO QRW QHFHVVDULO\ UHSUHVHQW DQ DSSURSULDWH UHOHDVH SDWWHUQ :KRUWRQ

6HQVRU\DQDO\VLVRIUHOHDVH IURP JHODWLQHVXFURVHJHOV KDV LPSOLFDWHGWKH UDWH RI
UHOHDVH UDWKHUWKDQWKH LQWHQVLW\DV WKH PRVWLPSRUWDQWIDFWRU LQSHUFHSWLRQ%DHN
et al. LQYHVWLJDWHGGLIIHUHQWVWUHQJWKJHOVDQGPHDVXUHGWKHJUDGLHQWRIWKH
UHOHDVH FXUYHV 7KH\ VKRZHGVLJQLILFDQWHIIHFWV RIJHODWLQH FRQFHQWUDWLRQRQ WKH
UDWHVUDWKHUWKDQLQWHQVLWLHVRIUHOHDVH7KHVHUHVXOWVZHUHFRQILUPHGE\REVHUYHG
GLIIHUHQFHV LQ VHQVRU\ SHUFHSWLRQ $OO WKH SDQHOOLVWV LQ WKLV VWXG\ QRWHG WKDW
VDPSOHVFRQWDLQLQJGURSOHWVKDGVLJQLILFDQWO\KLJKHULQWHQVLWLHVRIDURPDWKDQWKH
VROXELOLVHGVDPSOHV
6.3.5 Effects of Droplets on Sensory Perception 
$ VHQVRU\ GLIIHUHQFH WHVW SDLUHG FRPSDULVRQ ZDV FDUULHG RXW WR HOXFLGDWH DQ\
VHQVRU\GLIIHUHQFHLQLQWHQVLW\EHWZHHQWKHRQHDQGWZRGURSOHWVDPSOHV6HQVRU\
GLIIHUHQFHWHVWVDUHXVHGZKHQVDPSOHVDUHGHVFULEHGDVFRQIXVDEOHWKDWLV WR VD\
SHUFHSWXDO GLIIHUHQFHV PD\H[LVWEHWZHHQ WKH VDPSOHVEXWWKH\ DUH QRWREYLRXV
&RQVHTXHQWO\GLIIHUHQFH WHVWV DUH QHYHUXVHGZKHQ WKH GLIIHUHQFHV DUH ODUJH DQG
REYLRXV 7KH SDLUHG FRPSDULVRQ LV DQ H[DPSOH RID GLUHFWLRQDO GLIIHUHQFH WHVW
ZKHUH WKHSDQHOOLVWLV GLUHFWHGWR LGHQWLI\WKH VWURQJHVW RUZHDNHVW VDPSOHRID
VSHFLILHGDWWULEXWHLQWKLVFDVHWKHIODYRXU
5HVXOWV IURP WKH SDLUHGFRPSDULVRQ DQDO\VHV VKRZHG QR VLJQLILFDQW GLIIHUHQFHV
EHWZHHQ WKH LQWHQVLW\RIUHOHDVH IRU HLWKHUHWK\OEXW\UDWH S =  RU OLPRQHQH
S =  7KLV VXJJHVWV WKDW DOWKRXJK WKHUH ZHUH GLIIHUHQFHV LQ LQVWUXPHQWDO
UHOHDVHIRU DQGGURSOHWVWKHKLJKLQWHQVLWLHVRIDURPDUHOHDVHLQERWKVDPSOHV
PDGH LW SRVVLEOH WKDW DQ\ VHQVRU\ GLIIHUHQFHV PD\ EH PDVNHG It ZDV SURSRVHG
WKDW WKH WLPHUHOHDVHSURILOHSOD\HGDPRUH LPSRUWDQWUROH LQSHUFHSWLRQWKDQ WKH
DFWXDO LQWHQVLW\ RIUHOHDVH 7KH UDWH RIUHOHDVH ZDV VLPLODU EHWZHHQ WKH WZR

&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
VDPSOHV HYHQ WKRXJK WKH LQWHQVLW\ YDULHG DQG WKLV PD\ EHFRPH WKH RYHUULGLQJ
IDFWRUIRUVHQVRU\SHUFHSWLRQIURPJHOV
6.3.6 Effect of Different Panellists 
$OWKRXJK WKH RYHUDOO WUHQGV IRU GURSOHW UHOHDVH VXJJHVWGLIIHUHQFHV WKH YDULDWLRQ
REVHUYHGLVUHDVRQDEO\KLJK1RUPDOLVLQJWKHGDWDUHGXFHGWKHVHHIIHFWVKRZHYHU
GLIIHUHQFHVEHWZHHQSDQHOOLVWVPD\VWLOOKDYHLQIOXHQFHGWKHGDWD
)LJXUH  GHPRQVWUDWHV WKH GLIIHUHQFHV EHWZHHQ WKH IRXU SDQHOOLVWV IRU HWK\O
EXW\UDWH UHOHDVH IURP GURSOHWV DQG VROXELOLVHGDURPD 7KLV JUDSK LOOXVWUDWHV WKDW
VLJQLILFDQWGLIIHUHQFHVEHWZHHQSDQHOOLVWVZHUH DOVR DSSDUHQW 3DQHOOLVWV DQG
DQG SDQHOOLVWV  DQG  VKRZ VLPLODU LQWHQVLWLHV RIUHOHDVH WR HDFK RWKHU EXW
GLIIHUHQFHV EHWZHHQ WKH WZR JURXSV 3DQHOOLVWV  DQG  KDG PXFK KLJKHU
LQWHQVLWLHVRIDURPDUHOHDVH IRU GURSOHWVDPSOHVWKDQSDQHOOLVWV DQGIRU DOO RI
WKH VDPSOHV LQYHVWLJDWHG 7KLV LV OLNHO\WR EH GXH WR SK\VLRORJLFDOSDUDPHWHUVRI
WKHSDQHOOLVWVUDWKHUWKDQDQ\YDULDWLRQLQWKHVDPSOHV
)LJXUH  VKRZV WKH FRUUHVSRQGLQJ7PD[ YDOXHV IRU HDFK RIWKH SDQHOOLVWV DQG
FRQILUPVWKDWDOOWKHGURSOHWVDPSOHVZHUHUHOHDVHGHDUOLHUWKDQVROXELOLVHGDURPD
7KH GHJUHH RIWLPH GLIIHUHQFH LV DJDLQ SDQHOOLVW GHSHQGHQW ZLWK SDQHOOLVWV  
DQG  DOO VKRZLQJ VLPLODU YDOXHV DQG RQO\ SDQHOOLVW  VKRZLQJ D GLIIHUHQFH LQ
7PD[ IRU WKH DQGGURSOHWVDPSOHV 7KLVPD\EHGXH WR SDQHOOLVWFKHZLQJUDWH
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)LJXUH  0D[LPXP LQWHQVLW\ RI HWK\O EXW\UDWH UHOHDVH in vivo IURP JHODWLQH
VXFURVHJHOV IRUWKHGLIIHUHQWSDQHOOLVWVHDFKFRQVXPLQJ UHSOLFDWHVRIHDFKRIWKH
GURSOHWDQGVROXELOLVHGVDPSOHV
6LPLODU SDWWHUQV RIUHOHDVH ZHUH D FKDUDFWHULVWLF RIDOO WKH SDQHOOLVWV +RZHYHU
VLJQLILFDQWGLIIHUHQFHV ZHUH DSSDUHQW LQ WKH LQWHQVLW\ DQG WLPLQJRIUHOHDVH &LPD[
DQG7PD[ ,PD[ DQG7PD[ YDOXHV ZHUH VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ HDFK RIWKH
SDQHOOLVWV LQYHVWLJDWHG ,PD[ 3  DQG 7PD[ 3 IRU WKH FRQVXPSWLRQ RI
JHOVFRQWDLQLQJHWK\OEXW\UDWH)LJXUHV DQG 7KLVZDV DOVR WKHFDVHIRU
WKH RWKHU WKUHH DURPD FRPSRXQGV WHVWHG GDWD QRW VKRZQ $OWKRXJK WKHUH LV D
VLJQLILFDQW LQWHUSDQHOOLVW YDULDWLRQ LQWUDSDQHOOLVW YDULDWLRQ LV OHVV VLJQLILFDQW
7KH LQWUDSDQHOOLVW YDULDWLRQ ZDV ORZHU DV SDQHOOLVWV WHQGHG WR FRQVXPH VLPLODU
VDPSOHV LQ D VLPLODU PDQQHU *XLQDUG et al.  %XHWWQHU DQG 6FKLHEHUOH
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~ 4 4 GURSV
~ ~ VROXELOLVHG

)LJXUH  7LPH WR PD[LPXP LQWHQVLW\ IRU HWK\O EXW\UDWH UHOHDVH in vivo IURP
JHODWLQHVXFURVH JHOV IRU WKH  GLIIHUHQW SDQHOOLVWV HDFK FRQVXPLQJ  UHSOLFDWHV RI
HDFKRIWKHGURSOHWDQGVROXELOLVHGVDPSOHV
&KHZLQJDQGVDOLYDIORZ UDWHKDYHEHHQVKRZQWR VLJQLILFDQWO\LQIOXHQFHWKHUDWH
RIDURPD UHOHDVH IURP VROLG VDPSOHV +DUULVRQ et al.  3DQHOOLVWV YDU\ LQ
SK\VLRORJ\ DQG WKHUHIRUH GLIIHUHQW FRQFHQWUDWLRQV RIDURPD FRPSRXQGV ZLOO EH
GHOLYHUHGWRWKHQDVDOHSLWKHOLDGXULQJFRQVXPSWLRQRIJHO VDPSOHV,QFUHDVLQJWKH
QXPEHU RI GURSOHWV UHGXFHG WKH SUREDELOLW\ WKDW WKH\ ZHUH DOO DFFHVVHG
VLPXOWDQHRXVO\ GXULQJ PDVWLFDWLRQ 7KLV PD\ DFFRXQW IRU UHGXFWLRQ LQ ,PD[ DQG
WKH VXEVHTXHQW LQFUHDVHG 7PD[Â 7KH LQFUHDVHG 7PD[ PD\ EH D UHVXOW RIGURSOHWV
EHLQJUHOHDVHGRYHUGLIIHUHQWPDVWLFDWLRQHYHQWV
2YHUDOO  WKH SDQHOOLVWV VKRZHG GLIIHUHQW LQWHQVLWLHV RIDURPD UHOHDVH EXW WKHVH
HIIHFWV FRXOG EH DFFRXQWHG IRU E\ GLIIHUHQFHV LQ SK\VLRORJ\ DQG PDVWLFDWLRQ
SDWWHUQV 6LPLODU SDQHOOLVW EHKDYLRXU ZDV REVHUYHG IRU GURSOHW DQG VROXELOLVHG
DURPDV DQG WKHUHIRUH E\ QRUPDOLVLQJ WKH GDWD IRU HDFK SDQHOOLVW PXFK RIWKLV
YDULDWLRQ FRXOG EH HOLPLQDWHG It ZDV DSSDUHQW IURP WKH QRUPDOLVHG GDWD WKDW
GURSOHWV KDG VLJQLILFDQWO\ GLIIHUHQW LQWHQVLWLHV DQG WLPLQJV IRU UHOHDVH WKDQ

&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
VROXELOLVHG DURPD DQG WKHVH GLIIHUHQFHV RFFXUUHG LUUHVSHFWLYH RIWKH SDQHOOLVW
LQYHVWLJDWHG
6.3. 7 Effect of Physicochemical Properties on the Intensity of Release 
from Droplet and Solubilised Systems 
$ VLQJOH SDQHOOLVW UHSUHVHQWDWLYH RIDOO WKH SDQHOOLVWV ZDV FKRVHQ WR FRQVXPH
IXWXUH VDPSOHV WR PLQLPL]H LQWHUSDQHOOLVWHIIHFWV %\UHSUHVHQWDWLYH WKHSDQHOLVW
LQYROYHG VKRZHG KLJKHU OHYHOV RI DURPD UHOHDVH IURP GURSOHW VDPSOHV WKDQ
VROXELOLVHGRQHVDQGZDV LQWHUPHGLDWHYDOXHVRIWKHSDQHOLVWV VWXGLHGSUHYLRXVO\
$OO RIWKH GURSOHW VDPSOHV VKRZHG DQ LQFUHDVH LQ WKH LQWHQVLW\ RIUHOHDVH VR
FRPSDULVRQVZHUHPDGHEHWZHHQRQO\WKHUHOHDVH IURP DVLQJOHGURSOHW DQGWKH
UHOHDVH IURP VROXELOLVHG DURPD 7ZHOYH PRUH DURPD FRPSRXQGV DGGHG VLQJO\
ZHUH WHVWHG DQG WKH GDWD ZDV DJDLQ QRUPDOLVHG WR WKH VROXELOLVHG VDPSOH 7KH
SURSHUWLHV FRQVLGHUHGWR EH LQIOXHQFLQJ WKH LQWHQVLW\ RIUHOHDVH ZHUH WKH YDSRXU
SUHVVXUH YRODWLOLW\ K\GURSKRELFLW\ /RJ 3 DQG WKH VROXELOLW\ RIWKH DURPD
FRPSRXQGVLQWKHDTXHRXVSKDVH
9DSRXU SUHVVXUH DIIHFWV FRPSRXQG SDUWLWLRQLQJ LQWR WKH JDVHRXV SKDVH DQG
VXEVHTXHQWO\DIIHFWV WKH FRQFHQWUDWLRQDQG UDWH DWZKLFK DURPDFRPSRXQGVZLOO
WUDQVIHU LQWR WKH JDV SKDVH 0DULQet al.  /RJ3KDVEHHQ VKRZQ WR EH DQ
LPSRUWDQW SDUDPHWHU LQ SUHGLFWLQJ DURPD FRPSRXQG UHOHDVH IURP VXFURVH
VROXWLRQV )ULHO et al.  It LV DSDUDPHWHUUHODWHGWR FRPSRXQG VROXELOLW\ LQ
ERWKWKHJHO V\VWHPDQGVDOLYDZLWKPRUHK\GURSKRELFFRPSRXQGVKLJKHU/RJ3
YDOXHV EHLQJ OHVV VROXEOH LQ ERWK SKDVHV $TXHRXV VROXELOLW\ LQIOXHQFHV WKH
SDUWLWLRQ RIDURPD FRPSRXQGV LQWR PXFRXV PHPEUDQHV LQ WKH QRVH DQG WKURDW
ZKLFK ZLOO UHODWH WR SHUVLVWHQFH IURP GURSOHW UHOHDVH %XHWWQHU et al. D
+RGJVRQ et al. E 2WKHU SURSHUWLHV VXFK DV SRODULW\ VXUIDFH WHQVLRQV




5HVXOWV IRU GURSOHWVROXELOLVHG UDWLRV DV ZHOO DV FRUUHVSRQGLQJ SK\VLFRFKHPLFDO
SURSHUWLHV DUH VKRZQ LQ 7DEOH  7KLV VKRZV WKDW WKH LQFUHDVH LQ UHOHDVH
LQWHQVLW\ IURP GURSOHWV FRPSDUHG WR VROXELOLVHG UDQJHG IURP  WLPHV
GHSHQGLQJ RQ WKH DURPD FRPSRXQG LQYHVWLJDWHG ,QLWLDO LQGLFDWLRQV VKRZHG QR
REYLRXV SDWWHUQ IRU DQ\ RIWKH SK\VLFRFKHPLFDO SURSHUWLHV LQ LVRODWLRQ RQ WKH
YDOXHVRIWKHGURSOHWVROXELOLVHGUDWLRV +RZHYHUZKHQDFRPELQDWLRQRIIDFWRUV
ZHUH FRQVLGHUHG LW DSSHDUHG WKDW D ODUJH DPRXQWRIWKH YDULDWLRQ LQ WKH GDWD VHW
FRXOG EH H[SODLQHG E\ /RJ 3 ZKLFK ZDV KLJKO\ FRUUHODWHG ZLWK WKH VROXELOLW\
























2-M  0 O 


    
/RJ6ROXELOLW\
)LJXUH  /RJ 3 YDOXHV IRU  DURPD FRPSRXQGV SORWWHG DJDLQVW WKHLU /RJ
6ROXELOLW\YDOXHV5 = 
:KHQ /RJ 3 ZDV ORZ DQGYDSRXUSUHVVXUHKLJK FRPSRXQGV VXFK DV EXWDQRQH
DQGPHWK\ODFHWDWHVKRZHGRQO\DIROGLQFUHDVHLQUHOHDVH LQWHQVLW\ ,QFUHDVLQJ
/RJ3VKRZHGDQLQFUHDVHLQWKHLQWHQVLW\UDWLR)LJXUHXSWRDPD[LPXPRI
DURXQG IROG DIWHUZKLFK IXUWKHU LQFUHDVLQJ/RJ3 VKRZHGDGHFOLQH LQ WKH
LQWHQVLW\UDWLR (WK\OKH[DQRDWH/RJ3=  /RJYDSRXUSUHVVXUH KDG
WKH KLJKHVW UDWLR RIUHOHDVH 7KLV ZDV WKRXJKW WR EH GXH WR LWV UHODWLYHO\ KLJK
K\GURSKRELFLW\ ORZ ZDWHU VROXELOLW\ EXW D KLJKHU HQRXJK YDSRXU SUHVVXUH WR
DOORZ UDSLG WUDQVIHU WR WKH JDV SKDVH &RPSRXQGV ZLWK KLJKHU /RJ 3 EXW
FRUUHVSRQGLQJO\ORZYDSRXUSUHVVXUHVVKRZHGDORZHULQWHQVLW\UHOHDVHUDWLRZLWK
FDUYRQH DQG FLWUDO VKRZLQJ LQFUHDVHV RIRQO\  IROG ,QWHUHVWLQJO\ OLPRQHQH




7DEOH  3URSHUWLHV RI WKH DURPD FRPSRXQGV XVHG LQ WKLV VWXG\ 7KH
SK\VLFRFKHPLFDO SDUDPHWHUV ZHUH FDOFXODWHG XVLQJ D JURXS FRQWULEXWLRQ W\SH
VRIWZDUH SDFNDJH (3,6XLWH 6\UDFXVH 5HVHDUFK &RUS 86$ 'URS  VROXELOLVHG
UDWLR GHVFULEHV WKH PHDQ ,PD[ IURP WKH GURSOHW VDPSOH GLYLGHG E\ WKH PHDQ PD[
IURPWKHVROXELOLVHGVDPSOHV




EXWDQRQH    
I 0HWK\ODFHWDWH    
I 
I 2FWDQRO   i 
I 
&DUYRQH    
&LWUDO    
I 
I /LPRQHQH    
GLHWK\OS\UD]LQH    
(WK\ODFHWDWH    
I +H[DQDO    
i 
0HQWKRIXUDQ    
/LQDORRO    
I 2FWDQRQH    
I 
f (WK\OEXW\UDWH    
(WK\ORFWDQRDWH    
$P\DFHWDWH    
I 
(WK\OKH[DQRDWH    

$ VLPLODU HIIHFW ZDV REVHUYHG IRU LQFUHDVHG /RJ YDSRXU SUHVVXUH /RJ YS
YDOXHV ,QFUHDVLQJ /RJ YS GHPRQVWUDWHG DQ LQFUHDVH LQ WKH SRWHQWLDO IROG
GLIIHUHQFH RIUHOHDVH XS WR DQ LQWHUPHGLDWH YDSRXU SUHVVXUH $W ZKLFK SRLQW
IXUWKHU LQFUHDVHV LQ YDSRXUSUHVVXUH H[KLELWHG D GHFOLQH LQ UHOHDVH UDWLR )LJXUH

&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
 It LV LPSRUWDQW WR QRWH WKDW WKHVH WZR IDFWRUV WDNHQ LQ LVRODWLRQ DUH QRW
VXIILFLHQW WR SUHGLFW WKH IROG LQFUHDVH LQ GHOLYHU\ GXH WR GURSOHWV EXW E\
FDOFXODWLQJERWKSDUDPHWHUVWKHIROGLQFUHDVHFDQEHSUHGLFWHG
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-1  1 /RJYDSRXUSUHVVXUH





$SDUDEROLF HIIHFW ZDV VKRZQ IRU LQFUHDVHG/RJ S YDOXHV RIDURPD FRPSRXQGV
DQG WKHLU SDUWLWLRQ LQWR WKH KHDGVSDFH ZKHQ LQYHVWLJDWHG LQ HWKDQRO FRQWDLQLQJ
VROXWLRQV $]QDUet al.  DQG LV FRPPRQ LQ PDQ\ RWKHUELRORJLFDO V\VWHPV
6PLWKDQG:LOOLDPV  7KHSDUDEROLFHIIHFWGHVFULEHGLQWKLV V\VWHPFDQEH
H[SODLQHGE\WKHEDODQFHEHWZHHQWKH WZRSURSHUWLHVWR JLYHRSWLPDOUHOHDVH LQWR
WKH JDV SKDVH IURP GURSOHWV $W ORZ /RJ 3 YDOXHV FRPSRXQGV ZHUH KLJKO\
VROXEOH LQ WKH OLTXLG VDOLYD SKDVH DQG VR ZHUH VXEMHFW WR VRPH GHJUHH RI
GLVVROXWLRQ7KLVUHGXFHGWKHLUSRWHQWLDOWR UDSLGO\SDUWLWLRQLQWRWKHYDSRXUSKDVH
HYHQDW YHU\KLJKYDSRXUSUHVVXUHV $V /RJ3 LQFUHDVHG WKHUHZDV DFRQFXUUHQW
GHFUHDVH LQ YDSRXU SUHVVXUH +RZHYHU WKRVH FRPSRXQGV ZLWK KLJKHU YDSRXU
SUHVVXUHVVKRZHGWKHODUJHVWLQFUHDVHLQUHOHDVHZKHUHDVWKRVHZLWKORZHUYDSRXU
SUHVVXUHV KDG D PXFK ORZHUUHOHDVH 7KH FRPSRXQGV ZLWK KLJKHU/RJ 3YDOXHV
ZHUH OHVV VROXEOH DQG VR ZHUH OHVV OLNHO\ WR GLVVROYH LQ WKH DTXHRXV SKDVH
+RZHYHU WKH ORZHUYDSRXUSUHVVXUHV PDGH WKHP VWUXJJOH WR YRODWLOLVH LQWR WKH
JDV SKDVH HYHQ WKRXJK WKH\ GR QRW PL[ ZHOO ZLWK WKH VDOLYD 7KRVH FRPSRXQGV
ZLWK YHU\ KLJK /RJ 3 YDOXHV KDG D ORZ LQFUHDVH LQ LQWHQVLW\ HYHQ ZKHQ WKH
YDSRXU SUHVVXUH ZDV KLJKHU 7KLV PD\ EH GXH WR RWKHU LQWHUDFWLRQV ZLWKLQ WKH




WUDQVIHU/LQIRUWKet a!.  0LHWWLQHQet al.  VKRZHGWKDWWKLVRFFXUUHG
IRU WKH QRQSRODU FRPSRXQG OLQDORRO EXW QRW IRU WKH SRODU FRPSRXQG GLDFHW\O
LQIHUULQJWKDWDUHGXFWLRQLQWKH VROXWLRQUHVHUYRLUVROXELOLW\RIDURPDSURYLGHG
E\ WKH HPXOVLRQ ZRXOG LQFUHDVH WKH UHOHDVH RIFRPSRXQGV DW KLJKHU /RJ 3
YDOXHV 7KH SUHVHQFH RIWKH GLVVROYHG JHO IUDJPHQWV DQG VXJDUV ZLOO DIIHFW WKH
GLVVROXWLRQ DQG UHOHDVH SDWWHUQV REVHUYHG GHSHQGLQJ RQ WKH FRPSRXQG
LQYHVWLJDWHG )ULHO et a!.  UHSRUWHG 
VDOWLQJ LQ
 RI PRUH K\GURSKLOLF
FRPSRXQGV DQG 
VDOWLQJ RXW




RR WKH PDVV WUDQVIHUFRHIILFLHQWEHFDPHPRUH LPSRUWDQW IRU WKH UHOHDVH UDWKHU
WKDQ SDUWLWLRQ 7KLV LPSRUWDQW FKDUDFWHULVWLF QHHGV WR EH FRQVLGHUHG ZKHQ
FRPSDULQJWKH DURPDUHOHDVH IURP JHODWLQHVXFURVHJHOV 'URSOHWEHKDYLRXUPD\
EH XQDIIHFWHGE\ WKHVH SURFHVVHV DV LW DYRLGV WKLV PHFKDQLVP RIUHOHDVH EXW WKH
UHVXOWVPD\KDYHLPSOLFDWLRQVIRUVROXELOLVHGDURPD
6.3.8 A Potential Mechanism for Droplet Release 
$SRWHQWLDO PHFKDQLVPKDV EHHQ VXJJHVWHG WR H[SODLQZKDW LV KDSSHQLQJ LQ WKH
FDVH RI WKH DURPD EHLQJ UHOHDVHG DV D GURSOHW UDWKHU WKDQ YLD FRQYHQWLRQDO
SDUWLWLRQPHFKDQLVPV
)LJXUH  GHPRQVWUDWHV WKH EHKDYLRXU RID GURSOHW RIDURPD LQ D JHO DQG
FRPSDUHVLWWR WKHUHOHDVHRIVROXELOLVHGDURPD ,QWKHGURSOHWV\VWHP IUDFWXUHRI
WKH JHO ZDV DPRUH LPSRUWDQWDVSHFW IRU DURPDUHOHDVH 2QFH OLEHUDWHG IURP WKH
JHO WKHGURSOHWUDSLGO\WUDQVIHUUHGWR WKH VXUIDFHRIWKH VDOLYDZKHUH LW IRUPHG D

WKLQ OD\HU
 RISXUH DURPD FRPSRXQG 7KLV 
WKLQ OD\HU
 ZDV VXEMHFW WR UDSLG
YRODWLOLVDWLRQ LQWR WKH JDV SKDVH UDWKHU WKDQ SDUWLWLRQ WKXV PLQLPLVLQJ
LQWHUDFWLRQV ZLWK WKH VDOLYD SKDVH 7KLV OHG WR D PXFK KLJKHU FRQFHQWUDWLRQ
GHWHFWHG DW WKH ROIDFWRU\ HSLWKHOLXP ZKLFK PD\ KDYH KDG FRQVHTXHQFHV IRU
SHUFHSWLRQ:KHQWKHDURPDZDVVROXELOLVHGWKHJHOZDV IUDFWXUHGDVSUHYLRXVO\
\HWWKHUHOHDVHRIDURPDZDVGHSHQGHQWRQWKHGLVVROXWLRQDQGPHOWLQJRIWKHJHO
PDWUL[7KLV OHGWR DJUDGXDOLQFUHDVHLQLQWHQVLW\LQPRXWKDV WKHJHOZDVEURNHQ
GRZQ%DHNet al. /LQIRUWKet al. E+ROORZRRGet al.  7D\ORUet 
al. 7KLVZDVGHPRQVWUDWHGE\WKHODUJHU7PD[YDOXHIRU VROXELOLVHGV\VWHPV
)LJXUH ,QFUHDVLQJWKHVXUIDFHDUHDE\IXUWKHUPDVWLFDWLRQIXUWKHULQFUHDVHG
WKH UDWH RIJHO EUHDNGRZQE\ LQFUHDVLQJ WKH UDWH RIKHDW WUDQVIHU LQWR DQG VXJDU
GLVVROXWLRQ RXW RI WKH IUDJPHQWV 7KH DURPD ZDV OLEHUDWHG JUDGXDOO\ DQG ZDV




&RQYHQWLRQDOPRGHOVRIDURPDUHOHDVH +DUULVRQDQG+LOOV +DUULVRQ Â

+DUULVRQet al. +DUULVRQ KDYHQRWFRQVLGHUHGDURPD UHOHDVH WR RFFXU
LQ WKH IRP RI GURSOHWV 7KHVH DXWKRUV FRQVLGHU UHOHDVH WR EH GHSHQGHQW RQ
GLVVROXWLRQLQWRVDOLYDDQGSDUWLWLRQ LQWRWKHJDVSKDVHDV WKHPDLQPHFKDQLVPIR U
UHOHDVH 7KH PHFKDQLVP SURSRVHG KHUH VXJJHVWV WKDW DQ DOWHUQDWLYH PRGH RI




)LJXUH 6FKHPDWLF UHSUHVHQWDWLRQ RIJHO EUHDNGRZQ DQG UHOHDVH RIDURPD 2Q
WKH WRS WKH VROXELOLVHG VDPSOH VKRZV SDUWLWLRQ LQWR WKH VXUURXQGLQJ VDOLYD DQG
VXEVHTXHQWO\ LQWR WKH KHDGVSDFH DERYH WKH VDPSOH 2Q WKH ERWWRP WKH GURSOHW
VDPSOH VKRZV WKH EUHDNGRZQ RIWKH JHO DQG WKH UDSLG UHOHDVH RIWKH GURSOHW DQG
VXEVHTXHQWIRUPLQJRID WKLQ OD\HURQ WKHVXUIDFHRIWKHVDOLYDZKHUHYRODWLOLVDWLRQ
RFFXUV
)UDFWXUHRIWKHJHOVZDVDQ LPSRUWDQWDVSHFW LQ WKH OLEHUDWLRQRIWKHGURSOHWIURP
ZLWKLQ WKH JHO PDWUL[ $ PRGHO E\ +DUULVRQ et al.  SUHGLFWHG WKDW DURPD
UHOHDVH IURP VROLG PDWULFHV ZDV GHSHQGHQW RQ WKH UDWH RI IUDFWXUH DQG WKDW
LQFUHDVLQJWKH UDWHRIIUDJPHQWDWLRQ ZLOO LQFUHDVH WKH UDWH RIDURPD UHOHDVH7KLV

&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
ZLOO EH HVSHFLDOO\ LPSRUWDQW LQ PDWULFHVZKLFKFRQWDLQGURSOHWV QRW RQO\ LQ WKLV
DUWLILFLDO VLWXDWLRQ EXW DOVR LQ RWKHU IRRG SURGXFWV ZLWK DURPD SUHVHQW LQ
FRQFHQWUDWHG IRUPV 7KH\ DOVR SUHGLFWHG WKDW LQLWLDO UHOHDVH UDWHV ZRXOGEH OHVV
GHSHQGHQWRQFKHZLQJDQGVDOLYDIORZ UDWHVDQGPRUHGHSHQGHQWRQ IUDFWXUH DQG
PDVV WUDQVIHUFRHIILFLHQWV +DUULVRQet al.  7KLV VXJJHVWV WKDWUHOHDVH IURP
GURSOHWVPD\EH OHVV GHSHQGHQWRQYDULDWLRQLQSDQHOOLVWSK\VLRORJ\FRPSDUHGWR
PRUHUHFRJQL]HGPHFKDQLVPVRIDURPDUHOHDVH VXFKDV IURP VROXELOLVHGDURPDV
,Q WKHVH FDVHV DURPD UHOHDVH PD\ EH PRUH GHSHQGHQW RQ WKH EHKDYLRXU RIWKH
FRPSRXQGVDQGWKHPDWUL[FRPSRQHQWV
)UDFWXUHZLOODOVRLQFUHDVHWKHUHOHDVHIURPVROXELOLVHGDURPDEXWWKLVZLOOEHGXH
WR LQFUHDVHG VXUIDFH DUHD DYDLODEOH IRU GLVVROXWLRQ DQG SDUWLWLRQ +DUULVRQ DQG
+LOOV  0DVWLFDWLRQHQVXUHV WKDW D JUHDWHU FRQFHQWUDWLRQRIFRPSRXQGV DUH

SXPSHG
 LQWR WKH QDVDO FDYLW\ %XHWWQHU et al. D +RGJVRQ et al. E
'LVVROXWLRQ RI K\GURSKLOLF FRPSRXQGV LQWR PXFRVDO OLQLQJV %XHWWQHU et al. 
DZLOODIIHFWWKHSHUVLVWHQFHRIDURPDUHOHDVH3HUVLVWHQFHPD\EHHVSHFLDOO\
LPSRUWDQW IRU SHUFHSWLRQ RIUHOHDVH IURP GURSOHWV $ EXUVW RI DURPD PD\
LQLWLDOO\ LQIOXHQFH WKH VHQVRU\ UHVSRQVH KRZHYHU WKH DEVHQFH RIDQ\ IXUWKHU
DURPD VWLPXOXV PD\ UHGXFH VXEVHTXHQW SHUFHSWLRQ 7KLV PD\ UHGXFH WKH
SURORQJHG SHUFHSWLRQ RIWKH GURSOHW DQG PD\ UHVXOW LQ D GLVUXSWHG SHUFHSWLRQ
SURILOH
7KHGHQVLW\EXR\DQF\RIWKHFRPSRXQGVZLOODIIHFWWKHVSHHGDWZKLFKGURSOHWV
UHDFK WKH VXUIDFH RIWKH VDOLYD OD\HUUHGXFLQJ WKH WLPH DYDLODEOH IRU GLVVROXWLRQ
DQGDIIHFWLQJWKHWLPLQJRIGURSOHWUHOHDVH7KLVZLOOEHLPSRUWDQWIRUFRPSRXQGV
WKDWKDYHGHQVLWLHVJUHDWHUWKDQWKDWRIWKH DTXHRXVSKDVH1RFRPSRXQGV LQ WKLV
FDWHJRU\KDYHEHHQLQYHVWLJDWHGLQWKLVVWXG\
7KH LQWHUIDFH EHWZHHQ DQ DTXHRXV DQG YDSRXUSKDVH LV QRW D VWDWLF V\VWHP DQG
RULHQWDWLRQ RIPROHFXOHV DW WKH LQWHUIDFH ZLOO DIIHFW WKH EHKDYLRXU RIGURSOHWV
HVSHFLDOO\ ZKHQ PDFURPROHFXOHV DQG VXJDUV DUH SUHVHQW %RWK VXFURVH DQG
223 
&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
JOXFRVH GLVVROYHG LQ ZDWHU FDXVH D PHDVXUHG LQFUHDVH LQ WKH VXUIDFH WHQVLRQ RI
WKH V\VWHP 'RFRVOLV et al.  $GVRUSWLRQ RI SURWHLQV DW WKH DLUZDWHU
LQWHUIDFHPD\EHLPSRUWDQWIRU WKHGHOLYHU\RIWKHGURSOHWVDV WKH\ZLOODIIHFW WKH
VXUIDFH WHQVLRQ RIWKH V\VWHP DQG WKXV WKHLU DELOLW\ WR JDLQ DFFHVV WR WKH JDV
SKDVH 'LFNLQVRQ  KDV UHYLHZHG WKH HIIHFWV RIK\GURFROORLGV DW DLUZDWHU
LQWHUIDFHV 7KLV PD\ EH DQRWKHU IDFWRU WR EH FRQVLGHUHG ZKHQ DVVHVVLQJ WKH
WLPLQJ RIGURSOHW UHOHDVH DV DURPD FRPSRXQGV PD\ GLIIHU LQ WKHLU DELOLWLHV WR
DFFHVVWKHVXUIDFH
7KH NH\ GLIIHUHQFHV FRPSDQQJ GURSOHW UHOHDVH WR HPXOVLRQV DUH WKDW XQOLNH
HPXOVLRQV WKH DURPD LV QRW GLVVROYHG LQ DQ RLO SKDVH DQG WKHUHIRUH ZLOO EH
VXEMHFW WR PRUH UDSLG YRODWLOLVDWLRQ RQ FRQWDFW ZLWK WKH JDV SKDVH $QRWKHU
LPSRUWDQW SRLQW WR QRWH LV WKDW LQ HPXOVLRQ V\VWHPV DQ HPXOVLILHU LV JHQHUDOO\
XVHGWR VWDELOL]HWKHHPXOVLRQZKLFKPD\DOVRLQWHUIHUHZLWKWKH UHOHDVHRIDURPD
FRPSRXQGV LQ PRXWK 7KHVH PD\ KDYH VLPLODU HIIHFWV WR WKDW REVHUYHG IRU
[DQWKDQ IURP VHFWLRQ  LQ WKDW LW UHGXFHV WKH DELOLW\ RI WKH GURSOHW WR EH
UHOHDVHG
,I UHOHDVH IURP HQFDSVXODQWV RFFXUV DV GURSOHWV WKHQ LW PD\ KDYH LPSRUWDQW
LPSOLFDWLRQV IRU GHYHORSLQJ SURGXFWV ZLWK GLIIHUHQW IODYRXU UHOHDVH
FKDUDFWHULVWLFV +DUYH\DQG%DUUD KDYH VKRZQWKDW UHOHDVH IURP FKHZLQJ
JXP FRQWDLQLQJ D )LUPHQLFKHQFDSVXODQW )OH[DURPH VKRZHG DQ LQLWLDO UDSLG
LQFUHDVHLQUHOHDVHGXULQJWKHHDUO\VWDJHVRIFRQVXPSWLRQFRPSDUHGZLWKZKHQ
WKH IODYRXULQJ ZDV GLVVROYHG LQ WKH JXP EDVH 0DORQH DQG $SSHOTYLVW 
LQYHVWLJDWHG HQFDSVXODWLRQ RIRLO GURSOHWV UDWKHU WKDQ YRODWLOHV DQG VKRZHG WKDW
JHOOHGHPXOVLRQSDUWLFOHVFDQEHXVHGWRPDQLSXODWHWHPSRUDOUHOHDVHSURILOHVDQG
WKDW UHOHDVH ZDV GHSHQGHQW RQ SDUWLFOH VL]H SDUWLWLRQ FRHIILFLHQW DQG RLO SKDVH
SUHVHQW 7KH\ VKRZHG WKDW WKH\ FRXOG LQKLELW WKH UDWH RI PDVV WUDQVIHU E\
LQFUHDVLQJ WKH WLPH RYHU ZKLFK GLIIXVLRQ RFFXUUHG 7KHVH SURFHVVHV SRLQW WR D
SRWHQWLDO IRU WKH GURSOHW UHOHDVH PHFKDQLVP WR FRQWULEXWH WR WKH GLIIHUHQFHV
REVHUYHG IURP HQFDSVXODWHG V\VWHPV 7KLV LV RQH RIWKH SULPDU\ UHDVRQV IRU
O
&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
GHYHORSPHQW RI FRQWUROOHG UHOHDVH HQFDSVXODQW V\VWHPV 5HLQHFFLXV D




WKURXJKRXW D FRQVXPSWLRQSURFHVV VXFK WKDW D VXLWDEOH FRQFHQWUDWLRQ LV UHOHDVHG
WR PDLQWDLQ DGHTXDWH SHUFHSWLRQ WKURXJKRXW WKDW VDPSOH FRQVXPSWLRQ $Q
H[DPSOH LV WKDWXVHG LQ FKHZLQJJXP VXFK WKDW DURPD LV RQO\ UHOHDVHG IURP WKH
HQFDSVXODQWZKHQLWLVFUXVKHGE\WKHWHHWKRUGLVVROYHGE\VDOLYD
6.4 Effect of Mixed Droplets on Aroma Release 
&RPSOHWH IODYRXUV DUH QRW FRPSULVHG VROHO\ RIVLQJOH YRODWLOH FRPSRXQGV DQG
PRVW LQFOXGH DZLGHUDQJHRIDURPDFRPSRXQGV'LVUXSWLRQRIWKHEDODQFHRID
IODYRXU FDQ EH HDVLO\ DFKLHYHG E\ DOWHUDWLRQ RIVRPH RU DOO RILWV FRPSRQHQWV
'URSOHW UHOHDVH ZDV VKRZQ WR DIIHFW GLIIHUHQW DURPD FRPSRXQGV WR YDU\LQJ
GHJUHHV7KLVPD\KDYHLPSRUWDQWLPSOLFDWLRQVIRUIODYRXUGURSOHWVLIWKH\KDYH
GLIIHUHQW SURSHUWLHV EHWZHHQ WKHLU FRPSRQHQWV 7ZR DURPD FRPSRXQGV HWK\O
EXW\UDWHDQGRFWDQROZLWKGLIIHULQJUHOHDVHFKDUDFWHULVWLFVZHUHPL[HGWRJHWKHU
DW D QXPEHU RIUDWLRV VHSDUDWHO\ WR SURGXFH HDFK RIWKH ILQDO DURPD FRPSRXQG
UDWLRVDQGWKHDURPDUHOHDVHPHDVXUHGE\EUHDWKE\EUHDWKDQDO\VLV7KHGURSOHWV
SURGXFHG FRQWDLQHG UDWLRV RIHWK\O EXW\UDWH WR RFWDQRO VXFK WKDW D  HWK\O
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)LJXUH0D[LPXPLQWHQVLW\RI DURPDUHOHDVHin vivo IURP JHODWLQHVXFURVHJHOV
FRQWDLQLQJYDU\LQJFRQFHQWUDWLRQVRIHWK\O EXW\UDWH DQG RFWDQRO LQ D  ~ I I GURSOHW
'DWD LV H[SUHVVHG UHODWLYH WR WKH HWK\O EXW\UDWH R  ~ I I GURSOHW RI HWK\O
EXW\UDWHRQO\'DWDIURPRQHSDQHOOLVWFRQVXPLQJUHSOLFDWHV
)LJXUH  VKRZV WKDW UHGXFWLRQ RI WKH SHUFHQWDJH RIHWK\O EXW\UDWH LQ WKH
GURSOHW VLJQLILFDQWO\ UHGXFHG WKH LQWHQVLW\ RIHWK\O EXW\UDWH UHOHDVHG 7KLV ZDV
H[SHFWHG DV UHGXFHG TXDQWLWLHV RIDURPD ZLOO SURGXFH D UHGXFWLRQ LQ WKH DURPD
FRQFHQWUDWLRQ DYDLODEOH IRU GHWHFWLRQ 7KH  ).!1 GURSOHW  ).!1 HWK\OEXW\UDWH  ).!1 
RFWDQRO VKRZHG D ORZHU LQWHQVLW\ RI UHOHDVH WKDQ D VLQJOH  ).!1 GURSOHW 7KH
SUHVHQFH RIRFWDQRO LQ WKH    DQG   DOVR UHGXFHG WKH LQWHQVLW\ RIHWK\O
EXW\UDWH PRUH WKDQ WKH H[SHFWHGUDWLR %RWKWKHVH ILQGLQJV OHG WR WKH FRQFOXVLRQ
WKDWWKHSUHVHQFHRIRFWDQROZDVUHGXFLQJWKHGHOLYHU\RIHWK\OEXW\UDWH7KHILUVW
HIIHFWPD\EHGXH WR GLOXWLRQRIWKH HWK\OEXW\UDWHPRUHRYHUDQ LQIOXHQFHRIWKH
RFWDQRODVDVROYHQWPD\EHFRPHDIDFWRU ,IRFWDQROZDVDEOHWR GLVVROYHVRPHRI
WKH HWK\O EXW\UDWH WKHQ LW ZRXOG QR ORQJHUKDYH EHHQ DYDLODEOH IRU UHOHDVH 7KH
ORZHUYDSRXUSUHVVXUH RIRFWDQRO ZLOO UHGXFH WKH YDSRXUSUHVVXUH RI WKH RYHUDOO
PL[WXUH UHGXFLQJ WKH OHYHO RIGURSOHW GHOLYHU\ 7KH ORZ UDWLRV RI RFWDQROHWK\O





WLPHUHOHDVH SURILOH ,W VKRZV WKDW LQFUHDVLQJ WKH FRQFHQWUDWLRQ RIRFWDQRO LQ WKH
VDPSOHH[WHQGHGWKH7PD[ YDOXHIRU  RFWDQRO5HGXFWLRQLQ GURSOHWYDSRXU
SUHVVXUH OHG WR D JUHDWHU LQIOXHQFH RIPDVV WUDQVIHU RQ UHOHDVH DQG KHQFH WKH
LQFUHDVHG7PD[ YDOXH
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)LJXUH  7LPHUHOHDVH SURILOH IRU HWK\O EXW\UDWH UHOHDVH in vivo IURP JHODWLQH
VXFURVHJHOV DV D SHUFHQWDJHRIWKHVDPSOHZLWK WKH KLJKHVW LQWHQVLW\'DWDDUH WKH
PHDQVRI UHSOLFDWHVIURPRQHSDQHOOLVW
7KHVH UHVXOWV LQGLFDWHG WKDW LQWHUDFWLRQV EHWZHHQ DURPD FRPSRXQGV FRXOG
LQIOXHQFH WKH LQWHQVLW\ DQG WLPLQJ RIGURSOHWV LQ WKH VDPH ZD\ LQ ZKLFK WKH\
LQIOXHQFHGDURPDUHOHDVHGYLDSDUWLWLRQPHFKDQLVPV7KHVHFRQVLGHUDWLRQVVKRXOG




6.5 Droplet Release from Boiled Sweets 
%RLOHG VZHHWV UHSUHVHQW D VLPSOH VROLG PDWUL[ ZKHUHE\ DURPD UHOHDVH RFFXUV
SXUHO\ YLD GLVVROXWLRQ RIWKH PDWUL[ 'XH WR WKH ULJLG VWUXFWXUH QR LQIOXHQFH RI
PDVWLFDWLRQ ZDV LQYROYHG +LOOV DQG+DUULVRQ    SURSRVHG WKDW
DURPD UHOHDVH RFFXUVYLDWKH WZRILOP VWDJQDQW OD\HUWKHRU\RIPDVV WUDQVIHU ,Q
WKLV WKHRU\ DURPDUHOHDVH IURPVROLGV LV FRQVLGHUHGDWKUHHSKDVHSUREOHP IURP
VROLGWR VDOLYDWR JDVSKDVHZLWKWKHUDWHOLPLWLQJVWHSEHLQJSDUWLWLRQIURP VROLG
WR OLTXLG VDOLYD SKDVH DW WKH LQWHUIDFH +RZHYHU WKH ORZ ZDWHU FRQWHQW RIWKH
ERLOHG VZHHW PDWUL[  RR PD\ FDXVH VHSDUDWLRQ RI WKH IODYRXU SURGXFLQJ
SRFNHWV RIDURPD6FKREHUDQG3HWHUVRQE D WKDWPD\EHKDYH LQ D
VLPLODUPDQQHUWRGURSOHWV
%RLOHG VZHHWV ZHUH SURGXFHG DV SHU 6HFWLRQ  DQG WKH VROXELOLVHG DURPD
FRPSRXQG HWK\O KH[DQRDWH ZDV DGGHGSUHGLVVROYHG LQ SURS\OHQH JO\FRO  
LQILQDO VDPSOH'URSOHWVZHUHLQMHFWHGDWDVXLWDEOHVWDJHRIFRROLQJDQGVDPSOHV
ZHUH DOORZHG WR UHVW IRU  KRXUV DW & 6DPSOHV ZHUH FRQVXPHG RYHU D 
PLQXWHSHULRGDQGWKHH[KDOHGDLUPRQLWRUHGE\$3FO06
)LJXUH  VKRZV VLJQLILFDQWO\KLJKHUUHOHDVH LQWHQVLWLHV IRU GURSOHWV FRPSDUHG
WR WKH VROXELOLVHGDURPD 'HVSLWHDGLIIHUHQWPRGHRIFRQVXPSWLRQZKHUHE\ WKH
GURSOHW ZDV UHOHDVHG LQWR D UHODWLYHO\ ODUJH YROXPH RIVDOLYD FRPSDUHG WR WKH
RWKHU VDPSOHV WHVWHG WKH VDPH PHFKDQLVP RIGURSOHW UHOHDVH ZDV REVHUYHG ,Q
FRQWUDVW WR JHOV ZKHUH WKH UDWLR RI PD[LPXP LQWHQVLWLHV RI DURPD UHOHDVH
EHWZHHQ WKH GURSOHW DQG VROXELOLVHG VDPSOHV LQFUHDVH ZDV DSSUR[LPDWHO\ 
IROGIRUHWK\OKH[DQRDWHWKHUHVXOWVVKRZDQLQFUHDVHRIRQO\ IROGIRUWKHVDPH
GURSOHW UHOHDVHG IURP D ERLOHG VZHHW 7KHSRWHQWLDO RIVPDOOHUEXUVWV SURGXFLQJ
DQ LQFUHDVHG ,PD[ OHYHO ZKLFK ZLOO UHGXFH WKH RYHUDOO UDWLR ZDV WKH PRVW OLNHO\
H[SODQDWLRQ 7KHVH EXUVWV ZHUH HYLGHQW IURP WKH DURPD UHOHDVH SURILOHV DV
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GURSOHW 6DPSOH7\SH VROXELOLVHG
)LJXUH  0D[LPXP LQWHQVLW\ IRU HWK\O KH[DQRDWH UHOHDVH in vivo IURP ERLOHG
VZHHWV IRU GURSOHW DQG VROXELOLVHG VDPSOHV 'DWD IURP RQH SDQHOOLVW FRQVXPLQJ 
UHSOLFDWHV
)LJXUH  VKRZV WKH GLIIHUHQFHV LQ WKH SURILOHV RIDURPD UHOHDVH in vivo. 7KH
GURSOHW ZDV UHOHDVHGRQFH WKH PDWUL[KDGGLVVROYHG WR VXFKDQ H[WHQW WKDW LW ZDV
IUHH WR HVFDSH IURP ZLWKLQWKHJODVV\VWUXFWXUH 7KHGURSOHWZDV UDSLGO\UHOHDVHG
DQG D KLJK FRQFHQWUDWLRQ GHWHFWHG IRU D SHULRG RI VHFRQGV DIWHU ZKLFK WKH
LQWHQVLW\GHFOLQHVWR DQHJOLJLEOH OHYHO &RQYHUVHO\WKHVROXELOLVHGDURPDUHOHDVHG
LQ D 
EXUVWOLNH
 SDWWHUQ ZLWK SHDNV RI DURPD REVHUYHG WKURXJKRXW WKH
FRQVXPSWLRQ SHULRG 7KLV IRUP RI UHOHDVH UHLQIRUFHV WKH YLHZ WKDW VR FDOOHG
GLVSHUVHG DURPD LV IRUPLQJ ORFDOL]HG UHJLRQV ZKLFK DUH UHOHDVHG DV WKH JODVV\
VWUXFWXUH GLVVROYHV 6FKREHU DQG 3HWHUVRQ E It LV SRVVLEOH WKDW GXH WR WKH
ORZ OHYHOV RIZDWHU WKH ORFDOL]HG UHJLRQV RU SRFNHWV RIDURPD GHVFULEHG E\
6FKREHU DQG 3HWHUVRQ PD\ EH UHOHDVHG DV VPDOO GURSOHWV UDWKHU WKDQ E\
GLVVROXWLRQ LQWR WKH VXJDUVDOLYDSKDVH)XUWKHULQYHVWLJDWLRQYLD WHFKQLTXHV VXFK
DV PLFURVFRS\ XVLQJ IOXRUHVFHQW SUREHV RU FKURPRSKRUHV PD\ JLYH D EHWWHU

&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
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Figure 6.20 Aroma release profile for ethyl hexanoate from boiled VZHHWV for 
solubilised and droplet samples. Data normalised to 100°/o of intensity maximum. 
6.6 Conclusions 
,Q WKLV VHFWLRQ D QRYHO PHFKDQLVP IRU UHOHDVH LV GHVFULEHG 7KH UHVXOWV VKRZHG
WKDW UHOHDVH IURP SXUH DURPD FRPSRXQG GURSOHWV KDG D GLIIHUHQW UHOHDVH
PHFKDQLVP WR ZKHQ WKH DURPD ZDV VROXELOLVHG LQ D UDQJH RIOLTXLG DQG VROLG
V\VWHPV 7KH GLIIHUHQFHV LQYROYHG D PXFK KLJKHU LQWHQVLW\ RIUHOHDVH DW D PXFK
HDUOLHUWLPHSRLQW 7KLVKDG LPSOLFDWLRQVQRW RQO\ IRU WKH PHFKDQLVPRIUHOHDVH
EXW DOVR IRU WKH VHQVRU\ SURILOH WKDW WKH FRQVXPHU H[SHULHQFHG ,Q PDQ\ FDVHV
WKHVH VR FDOOHG 
 EXUVWV 
 DUH XQGHVLUDEOH DV WKH\ FDQ OHDG WR GLVUXSWLRQV LQ WKH
VHQVRU\ SURILOH +RZHYHU WKH SULQFLSOHV REVHUYHG PD\ EH LPSRUWDQW LQ
H[SODLQLQJWKHHIIHFWRIFKDQJHVLQUHOHDVH IRU PRUHKHWHURJHQHRXVIRRG V\VWHPV
7KLV GDWD PD\ SURYLGH D EHWWHU LQVLJKW LQWR WKH PHFKDQLVPV RI UHOHDVH IURP
HQFDSVXODQWV DQG RWKHU V\VWHPV ZKHUH DURPD FRPSRXQG VR OXELOLW\ ,6

&KDSWHU 3RWHQWLDORI$URPD5HOHDVHIURP'URSOHWV
FRPSURPLVHG )XUWKHU VWXG\ LV UHTXLUHG LQ WKLV DUHD WR HOXFLGDWH ZKHWKHU
HQFDSVXODQW V\VWHPV DUH LQIOXHQFHGE\ WKLV PHFKDQLVPRIUHOHDVH EXW LW LV FOHDU
WKDW UHOHDVH IURP GURSOHWV KDV WKH SRWHQWLDO IRU PD[LPL]LQJ IODYRXU GHOLYHU\

&KDSWHU &RQFOXVLRQVDQG)XWXUH?9RUN
7 OVERALL CONCLUSIONS AND FUTURE WORK 
7KHVH VWXGLHV LQWR WKH HIIHFWV RIGLIIHUHQWPHWKRGVRIGLVSHUVLRQ RQ WKHSDUWLWLRQ
DQG UHOHDVH RI DURPD FRPSRXQGV KDYH GHVFULEHG WKH SURFHVVHV LQYROYHG LQ
VDPSOHSUHSDUDWLRQDQGWKHLUHIIHFWVRQUHOHDVHGXULQJFRQVXPSWLRQ
$3FO06ZDVVKRZQWREHDUDSLGUREXVWDQGVXLWDEOHWHFKQLTXHIRUTXDQWLWDWLYH
DQG TXDOLWDWLYHPHDVXUHPHQWRID UDQJH RIDURPD FRPSRXQGV ZKHQ DVVHVVHG E\
HTXLOLEULXP KHDGVSDFH VWXGLHV DQG E\ YRODWLOH UHOHDVH GXULQJ VDPSOH
FRQVXPSWLRQ 6HYHUDOSURWRFROV ZHUH GHYHORSHG IRU SURGXFLQJDQGHTXLOLEUDWLQJ
VDPSOHV DQG FRQVXPSWLRQ PHWKRGV ZHUH GHYHORSHG WR VWDQGDUGLVH HDWLQJ RI
VDPSOHV IRU 
LQ QRVH
 PHDVXUHPHQW 7KH SUHOLPLQDU\ UHVXOWV RQ PL[LQJ DQG
GLVSHUVLRQRIDURPDFRPSRXQGV VXJJHVWHGWKDWWKHVHZHUH LPSRUWDQWVWHSVZKHQ
SURGXFLQJV\VWHPVIRUDQDO\VLV
,Q PRVW FDVHV WKURXJKRXW WKLV WKHVLV WKH GDWD KDV EHHQ QRUPDOLVHGWR UHGXFH WKH
HIIHFWVRILQWHUSDQHOOLVWGLIIHUHQFHVRQ WKHRYHUDOOWUHQGVLQWKHFKDQJHVLQDURPD
UHOHDVH 2WKHU PHWKRGV RIGDWD WUHDWPHQW PD\ KROG VRPH YDOLGLW\ LQ REWDLQLQJ
IXUWKHU LQIRUPDWLRQ IURP WKLV GDWDEXWZRXOG VXEVHTXHQWO\ UHLQWURGXFH VRPHRI
WKHYDULDWLRQREVHUYHGE\XVLQJGLIIHUHQWSDQHOOLVWV $SRWHQWLDO VROXWLRQWR WKHVH
SUREOHPVZRXOGEHWR KDYHVWXGLHGDVLQJOHSDQHOOLVW LQ JUHDWHUGHSWK LQ RUGHUWR
JHWDEHWWHULQGLFDWLRQRIWKHSURFHVVHV LQYROYHGZLWKRXWWKHYDULDWLRQRUQHHGWR
QRUPDOLVHWKHGDWD
'HYHORSPHQW RID UDQJH RIGLIIHUHQW GLVSHUVLRQ V\VWHPV ZDV DFKLHYHG DQG WKH
HIIHFWVRQWKHSDUWLWLRQDQGUHOHDVHIURPWKHVHV\VWHPVZHUHVWXGLHGIRUDUDQJHRI
SURGXFWVUDQJLQJIURPVROXWLRQVWR VHPLVROLG\RJKXUWVDQGJHOVWKURXJKWRVROLG
ERLOHG VZHHWV\VWHPV +LJKHUVFDOHPL[LQJEDVHGRQ PHFKDQLFDOSURFHVVHV VXFK
DV OD\HULQJVWLUULQJDQGWKHXVHRIDVWDWLFPL[HUV\VWHPSURGXFHGVDPSOHVZKHUH





ZHUH QHJOLJLEOH It LV VXJJHVWHG WKDW WKH HIILFLHQW UDSLG LQPRXWK PL[LQJ RIWKH
VDPSOHV GXULQJ FRQVXPSWLRQ ZDV EOHQGLQJ WKH GLVWLQFW DURPD UHJLRQV DQG





DURPD FRPSRXQGV DW WKLV OHYHO LV OHVV LPSRUWDQW WKDQ LQPRXWK PL[LQJ It PD\
DOVREH DYHQXHRILQYHVWLJDWLRQIRUQRYHOSURGXFWGHVLJQDV WKH WHFKQLTXHVXVHG
SURGXFHGVDPSOHVZLWKLQWHUHVWLQJFRORXUVDQGDSSHDUDQFH
&DUULHU VROYHQWV DUH FRPPRQO\XVHG LQ WKH IRRG LQGXVWU\ WR GLVSHUVH DQG GLOXWH
IODYRXULQJV 0XFKUHVHDUFKKDVEHHQGHVFULEHGRQWKHHIIHFWVRIFRVROXELOLW\EXW
WKLV LV PDLQO\ LQ UHODWLRQ WR SKDUPDFHXWLFDO SURGXFWV RU IRU VROYHQWV DW KLJK




DQG UHOHDVH ZHUH EDVHG RQ WKH K\GURSKRELFLWLHV RIERWK WKH VROYHQWV DQG WKH
DURPD FRPSRXQGV 3DUWLWLRQ VWXGLHV FDUULHG RXW LQ VROXWLRQV GHPRQVWUDWHG WKH
JHQHUDO WUHQG WRZDUGV UHGXFWLRQV LQKHDGVSDFHFRQFHQWUDWLRQV LQ WKH SUHVHQFHRI
VROYHQWV (WKDQRO VKRZHG WKH JUHDWHVW HIIHFWV ZLWK UHVXOWV IRU SURS\OHQH JO\FRO
DQG JO\FHURO PXFK OHVV LQIOXHQWLDO DW WKH FRQFHQWUDWLRQV LQYHVWLJDWHG $Q
LPSRUWDQWFDYHDW LV LQFOXGHGUHODWLQJWR LQWHUSUHWDWLRQRIWKH GDWD IURP VROXWLRQV





5HOHDVH IURP WKH FRQIHFWLRQHU\SURGXFWV GHPRQVWUDWHG WKDWERWK WKH SURILOH DQG
WKH LQWHQVLW\ RIDURPD UHOHDVH FRXOGEH DOWHUHG E\ WKH XVH RIFDUULHU VROYHQWV DW
RR 7KH XVH RIVROYHQWV LQFUHDVHG DURPD GLVSHUVLRQ LQ WKH IRRG PDWUL[ DQG
WKHUHIRUHUHGXFHGWKH OHYHOVRIFRQFHQWUDWHGDURPDGURSOHWUHJLRQV7KLVFDXVHG
DQ LQFUHDVH LQ WKH WLPH WR UHDFKPD[LPXPLQWHQVLW\DQGKDG LPSOLFDWLRQVIRU WKH
UDWH RIUHOHDVH $V DURPD UHOHDVH UDWH LV D NH\ IDFWRU GHWHUPLQLQJ SHUFHSWLRQ
%DHN et al.  WKH LQIOXHQFH RIFDUULHU VROYHQWV RQ SHUFHSWLRQ PD\ EH DQ
LPSRUWDQWFRQVLGHUDWLRQGXULQJVDPSOHSURGXFWLRQLQLQGXVWU\
7KHVH WHFKQLTXHV ZHUH GHVLJQHG WR SURGXFH GLVSHUVHG KRPRJHQRXV V\VWHPV
KRZHYHU JHQHUDOO\ WKLV ZLOO QRW EH WKH FDVH LQ PDQ\ UHDO IRRGV HVSHFLDOO\ LQ
SURGXFWVZLWK ORZZDWHURUORZIDW FRQWHQW 5HVXOWV IURP FRPSRXQGV ZLWKSRRU
ZDWHUVROXELOLW\VXJJHVWHGWKDWWKHUHOHDVHRIWKHVHFRPSRXQGVPD\EHRFFXUULQJ
DV FRQFHQWUDWHG UHJLRQV RU GURSOHWV RI DURPD DV VXJJHVWHG E\ 6FKREHU DQG
3HWHUVRQ E IRU ERLOHG VZHHWV 6\VWHPV ZHUH GHYHORSHG ZKHUH DURPD ZDV
DGGHG LQ WKH IRUP RIGURSOHWV DQGWKLV ZDV FRPSDUHGWR WKH DURPDUHOHDVHZKHQ
VROXELOLVHG5HVXOWVVKRZHGWKDWDVLQJOHGURSOHWSURGXFHGVLJQLILFDQWLQFUHDVHVLQ
DURPD UHOHDVH LQWHQVLWLHV UDQJLQJ IURP  IROG GHSHQGLQJ RQ WKH
SK\VLFRFKHPLFDOSURSHUWLHVRIWKHDURPDFRPSRXQG7KLVGDWDZDVPRGHOOHGDQG
D FRPELQHG LQIOXHQFH RIK\GURSKRELFLW\ DQG YDSRXU SUHVVXUH ZDV VKRZQ WR EH
LPSRUWDQW
6XEVHTXHQWO\ D GLIIHUHQW PHFKDQLVP IRU DURPD UHOHDVH IURP GURSOHWV ZDV
VXJJHVWHG 7KLV SUHGLFWV WKDW ZKHQ UHOHDVHG DV GURSOHWV DURPD FRPSRXQGV GR
QRW IROORZ WKH WUDGLWLRQDO PHFKDQLVPV RI DURPD UHOHDVH VXJJHVWHG E\ PDQ\
DXWKRUV +LOOV DQG +DUULVRQ  +DUULVRQ DQG +LOOV  +DUULVRQ 
/LQIRUWKet al. /LQIRUWK ,QVWHDGXSRQUHOHDVHIURPDJHOGURSOHWVRI
DURPDFRPSRXQGVPLJUDWHWR WKHJDVOLTXLGLQWHUIDFHDV SXUHDURPD 2QFHDW WKH
LQWHUIDFH WKH GURSOHW UXSWXUHV DQG SURGXFHV D YHU\ WKLQ DURPD OD\HU DW WKH
LQWHUIDFH IURP ZKLFK DURPD FRPSRXQGV UDSLGO\ YRODWLOLVH LQWR WKH JDV SKDVH
23-+ 
&KDSWHU &RQFOXVLRQVDQG)XWXUH:RUN
5HOHDVH LQ WKLV FDVH LV QRW UDWHOLPLWHGE\ GLVVROXWLRQ LQWR WKH OLTXLGSKDVH DQG
VXEVHTXHQWSDUWLWLRQLQWRWKHJDVSKDVH
7KLV DOWHUQDWLYH UHOHDVH PHFKDQLVPPD\EH DNH\ IDFWRU IRU DURPDUHOHDVH IURP
HQFDSVXODQWV 6HYHUDODXWKRUVKDYHUHSRUWHGWKDWHQFDSVXODQWVFDQJLYH DEXUVW
RIDURPD UHOHDVH ZKLFK FDQ HQKDQFH SHUFHSWLRQ +DUYH\ et al. E %ODNH
 +DUYH\ DQG %DUUD  It LV SRVVLEOH WKHUHIRUH WKDW WKH PHFKDQLVP
GHVFULEHG FRXOG SURYLGH DQ H[SODQDWLRQ IRU WKLV REVHUYHG EXUVW RIUHOHDVH
)XUWKHU VWXG\ XVLQJ HQFDSVXODQWV QHHGV WR EH FDUULHG RXW WR FRQILUP LIUHOHDVH




WR ERRVWDURPDSHUFHSWLRQIRU WKH HOGHUO\RUWKRVHZLWKUHGXFHGQDVDO UHVSRQVHV
RU WR ERRVW SHUFHSWLRQ RIFHUWDLQ DURPDV ZLWKLQ D IRRG V\VWHP 2EYLRXVO\ WKH
V\VWHPGHVFULEHGKHUHKDV OLPLWHGSUDFWLFDOLW\LQLWVSUHVHQWVWDWHEXWLWVKRXOGQRW
WDNHWRRPXFKIXUWKHUUHVHDUFKWRXQOHDVKLWVSRWHQWLDO
,PSRUWDQW FDYHDWV QHHGWR EH PDGH ZKHQ FRQVLGHULQJ WKH GDWDSUHVHQWHG LQ WKLV
WKHVLV 7KHIDFW WKDWVDPSOHFRQFHQWUDWLRQVZHUHRQO\FKHFNHGYLD$3FO06 PD\
OHDG WR OLPLWDWLRQV LQ WKH DFWXDO LQWHUSUHWDWLRQ RIWKH UHVXOWV $ UDQJH RIRWKHU
UREXVWPHWKRGVVXFKDV*&DQDO\VLVRUXVHRI630(ILEUHVFRXOGKDYHEHHQXVHG
LQ FRQMXQFWLRQ ZLWK WKLV WR LQFUHDVH WKH YDOLGLW\ RI WKH GDWD VHWV $QRWKHU
LPSRUWDQW IDFWRU ZDV WKH PHDVXUHPHQWRIZDWHU DFWLYLW\ DQG GU\ PDWWHU FRQWHQW
ZKLFK DUH LPSRUWDQW ZKHQ FRPSDULQJ WKH GLIIHUHQW VDPSOHV SURGXFHG 7KH
SRWHQWLDO RIFRPSHWLWLRQ EHWZHHQ PL[WXUHV RIDURPD FRPSRXQGV ZKHQ XVLQJ
$3FO0V DOVR SURYLGHV FDYHDWV IRU UHODWLYH FRPSDULVRQV KRZHYHU WKLV LV
RYHUFRPH LQ PDQ\ FDVH E\ WKH XVH RIV\VWHPV WKDW GLG QRW FRQWDLQPL[WXUHV RI
YRODWLOHFRPSRQHQWV
2YHUDOO WKLV SURMHFW VKRZHG WKDW D QXPEHU RIDURPD GLVSHUVLRQ PHFKDQLVPV
FRXOG EH XVHG WR SURGXFH D ZLGH UDQJH RI VDPSOHV 7KHVH VDPSOHV VKRZHG
UHSURGXFLEOH SURSHUWLHV DQG LQIRUPDWLRQ FRXOG EH JDLQHG RQ WKH HIIHFWV RIWKH

&KDSWHU &RQFOXVLRQVDQG)XWXUH:RUN
GLIIHUHQW PL[LQJ SDWWHUQV RQ DURPD FRPSRXQG EHKDYLRXU 7KH OHYHO RIPL[LQJ
FRXOG EH LQYHVWLJDWHG DQG UHODWLRQVKLSV PDGH EHWZHHQ WKH GLVSHUVLRQ RIDURPD
FRPSRXQGVDQGWKHHIIHFWVRQUHOHDVHDQGSHUFHSWLRQ
Future work 
7KH LQLWLDO UHVHDUFK GHYHORSHGDQXPEHURIPRGHO V\VWHPV WKDW KDYH VKRZQ WKH
HIIHFWV RI WKH GLIIHUHQW GHOLYHU\ WHFKQLTXHV DQG WKHLU LPSOLFDWLRQV IRU DURPD
UHOHDVH 7KHVH KDYH VKRZQ WKH LPSRUWDQFH RIWKH PRGH RIDURPD DGGLWLRQ DQG
VXEVHTXHQWGLVSHUVLRQWRSHUFHLYHGIODYRXULQWHQVLW\DQGTXDOLW\
)XUWKHUVWXGLHV LQ OD\HULQJFRXOGH[WHQGWR VDPSOHVZKLFKGR QRWVKRZUDSLG LQ
PRXWK PL[LQJ ,IVROLG VDPSOHV VXFK DV ERLOHG VZHHWV FRXOG EH OD\HUHG WKH
LPSOLFDWLRQVIRUWKLVGHJUHHRIPL[LQJRQUHOHDVHYLDVWDJQDQWWKHRU\PHFKDQLVPV
FRXOGEHLQYHVWLJDWHG
7KH VWDWLF PL[HU V\VWHP WKDW ZDV GHYHORSHG PD\ DOVR KDYH RWKHU LQWHUHVWLQJ
DSSOLFDWLRQVIRUDVVHVVLQJWKHPL[HGQHVVRIVDPSOHV7KHFOHDUO\GHILQHGOHYHOVRI
PL[LQJWKDWZHUHDFKLHYHGFRXOGEHDSSOLHGWRRWKHUW\SHVRIVWXG\)RUH[DPSOH
GLIIHUHQW IORZV PD\ FRQWDLQ GLIIHUHQW WDVWDQWV VXJDUV DFLGV DQG WKH HIIHFWV RQ
SHUFHSWLRQFRXOGEHVWXGLHGLQWKLVZD\
7KH LQIOXHQFH RIFDUULHU VROYHQWV PD\ KDYH LPSOLFDWLRQV IRU D ZLGH UDQJH RI
DURPD UHOHDVH VWXGLHV WKDW KDYH XVHG VROYHQWV )XUWKHU LQYHVWLJDWLRQ LQWR WKHVH
HIIHFWV IURP D UDQJH RIIRRGVWXIIV PD\ EH LPSRUWDQW WR GHWHUPLQH WKH RYHUDOO
LQIOXHQFHV WKDW VROYHQWV PD\ LPSDUW LQ UHDO IRRG VLWXDWLRQV RQ UHOHDVH DQG
SHUFHSWLRQ




RIFRPSRXQGV PD\ JLYH D EHWWHU LGHD RIWKH FKDUDFWHULVWLFV ZKLFK LQIOXHQFH WKH
EHKDYLRXURIWKHGURSOHWVDQGWKHUDWHVRIGHOLYHU\
'HYHORSPHQW RI VLWXDWLRQV ZKHUH SHUFHSWLRQ FRXOG EH PD[LPLVHG YD WKH
GHOLYHU\ RIGURSOHWV EXW DOVR VWLOO PDLQWDLQLQJ D EDODQFHG IODYRXU PD\ EH RI
LQWHUHVW 7KH FKDOOHQJH IRU IXWXUH VWXGLHV ZLOO EH WR XWLOLVH WKH PHFKDQLVPV IRU
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E
4XDQWLWDWLRQ RI WKH LQPRXWK UHOHDVH RI KHWHURDWRPLF RGRUDQWV
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WKLFNHQHGYLVFRXVIRRGPRGHOV\VWHPV -RXUQDORI$JULFXOWXUDODQG)RRG
&KHPLVWU\in press. 
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&KDLQWUHDX $ *UDGH $ DQG 0XQR]ER[ 5 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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FDWHFKLQ DQG ZRRG H[WUDFW /HEHQVPLWWHO:LVVHQVFKDIW 8QG
7HFKQRORJLH)RRG6FLHQFHDQG7HFKQRORJ\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 7KH GHILQLWLRQ DQG PHDVXUHPHQW RI VRPH
FKDUDFWHULVWLFVRIPL[WXUHV$SSOLHG6FLHQWLILF5HVHDUFK$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&KDSWHU 5HIHUHQFHV
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